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Or the many symbiotic relations known to exist between 
ants and other living organisms, whether animals or plants, 
few are more interesting than the relations between ants of 
different species or even genera that live together in the same 
nests on terms of mutual toleration or intimacy. In this 
country, nevertheless, studies like those of Forel ('74), Adlerz 
(84, 86, 96), and Wasmann (’91) on the compound and mixed 
nests of European ants have scarcely been undertaken, notwith- 
standing the fact that our own ant fauna is known to present 
numerous cases no less remarkable than those which have been 
so carefully studied abroad. Sufficient evidence of the truth 
of this remark will be found in the description of a hitherto 
unknown form of compound nest which is made the basis of the 
present paper. This is in many respects so unlike any of 
the recorded compound nests that it seems worth while, if only 


1 Contributions from the Zodlogical Laboratory of the University of Texas, No. 14. 
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for the sake of comparison, to follow it with a consideration of 
the other forms of mixed and compound nests that are known to 
occur on our continent. While it thus becomes necessary to 
review much that is well known to the myrmecologist, I hope at 
the same time ta call the attention of entomologists, who may 
have wearied of collecting and mounting our comparatively well- 
known beetles and butterflies, to an extensive subject, which is 
as interesting to the collector as it is fascinating to the philo- 
sophical observer. Ants’ nests of the mixed and compound 
varieties are of sporadic and often very rare occurrence, so that 
there is great need of many more observations extending over 
large portions of our country. While reviewing the various 
forms of nests in the second part of my paper, I shall include a 
brief consideration of some interesting compound nests that have 
recently come under my observation in Texas and Mexico. 

During the late afternoon of August 1, 1900, while walking 
over one of the Litchfield Hills near Colebrook, Connecticut, 
I found a number of nests of the common red-brown Myrmica 
(M1. brevinodis Emery) under some small stones that were 
rather deeply imbedded in the moss bordering the exposed gla- 
ciated rock of the hilltop. In four of these nests which were 
rather close together and not very populous I detected among 
the Myrmica workers a few decidedly smaller and more yellowish 
ants of a different species running about on the up-turned lower 
surface of the stones. As my stay in Colebrook was at that time 
limited to a few days, I carefully replaced the stones in the 
moss after preserving a few of each of the two species. The 
smaller ants were sent to Professor Emery of Bologna, who pro- 
nounced them to be a new species of Leptothorax allied to 
L. canadensis Provencher. 

Later in the month of August I returned to Colebrook and 
at once revisited the Myrmica-Leptothorax nests. Two of 
them had disappeared, as if in resentment of my former intru- 
sion into their peaceful life on the hilltop. The third nest con- 
tained only a few Leptothorax workers. The fourth nest was in 
good condition and was dug up zz ¢o¢o and carried home in a can- 
vas bag. For several days I searched diligently, but in vain, on 
all the hills about Colebrook for more of these double nests, 
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though single nests of the Myrmica were frequently found. My 

observations were therefore to be confined to only one nest. 
The worker of Myrmica brevinodis, which I shall not pause 

to describe, is represented in Fig. 1. The Leptothorax, however, 


Fic. 1.— Myrmica brevinodis Emery. Worker. 


is of greater interest in this connection and certainly merits a de- 
scription before we proceed with any observations on its behavior. 


Leptothorax emersoni n. sp.! 
Worker (Fig. 2). Length 2.5-3.5 mm. 


Brownish yellow; upper surface of the head except the 
mandibles, clypeus, and a narrow postclypeal and occipital 


1T take pleasure in dedicating this species to Mr. Ralph Emerson in memory 
of the many happy hours which we spent together at Rockwell Hall in Colebrook. 
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strip, dark brown, as is also a very broad band across the middle 
of the first abdominal segment and the basal half of each of 
the succeeding segments. Hairs covering the mandibles, anten- 
nz, legs and body, whitish ; those on the body rather long, coarse 
and truncated, but scarcely clavate 
at their tips; those on the limbs 

tapering and less conspicuous. 
Mandibles rather coarsely striated 
longitudinally and provided with a 
few setigerous punctures; cutting 
edges black. Clypeus moderately 
convex, smooth in the middle but 
with a few delicate longitudinal 
ruge on either side. Antenne 
I1-jointed. Head opaque, above 
and on the sides coarsely and 
Fic. 2.—Leptothorax emersonin.sp. longitudinally reticulate-rugose, the 
areolz enclosed by the ruge being 
indistinctly and finely punctate. In the mid-dorsal region 
of the head the rugez are close together and their longi- 
tudinal course is very distinct, but in the antennal fovez and 
on the cheeks and the sides of the head they are farther 
apart and miore reticulate. Some of ‘the workers have 
two or three minute ocelli which are most easily seen in alco- 
holic specimens. Thorax faintly but distinctly constricted at 
the meso-metanotal suture; opaque, above and on the sides 
less distinctly reticulate-rugose than the head. Anterior por- 
tion of the pronotum, metanotum, and lower pleurz punctate ; 
metanotal spines slightly longer than broad at their bases, 
nearly parallel, terminating in broad, flattened, blunt points. 
Petiole about twice as long as broad, subopaque, finely punctate, 
with a pointed dorsal cone, the anterior and posterior surfaces 
of which are of nearly equal length and inclination, the former 
being very slightly concave, the latter flat when seen in profile. 
Postpetiole smooth, subglabrous, hemispherical. Abdomen 
rather broad, distinctly flattened dorso-ventrally, and very 

glabrous. 
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Female. Length nearly 4 mm. 


Thorax more opaque, more distinctly rugose, and of a darker 
brown color than in the worker. 


Male (Fig. 3). Length 2.75-3 mm. 


Coloration brownish yellow like that of the worker; head, 
thoracic dorsum, abdomen, and the middle portions of the femora 
and tibia somewhat darker. Wings colorless, with very pale 
veins and stigmata. Hairs almost completely absent on the 
head and thorax, short and inconspicuous on the legs, long on 
the abdomen, but nowhere truncated at their tips. 

Mandibles striated, hairy, very small, not distinctly dentate, 
and far from meeting each other with their blades. Clypeus 
even in the middle with a few delicate longitudinal ruge. 
Head above longitudinally reticulate-rugose; rugz radiating 
backwards and laterally from the posterior ocelli as centers. 
Antenne 12-jointed ; scape scarcely as long 
as the three first joints of the flagellum 
taken together; first joint of flagellum very 
short, the others of uniform thickness but 
increasing gradually in rength towards the 
tip. Thorax rather smooth, indistinctly 
punctate ; parapsidal and other sutures 
very distinct ; metanotum with two very 
short rugose projections in the place of the 
spines. Dorsal projection of the petiole 
rounded, its posterior slope slightly concave, 
the anterior convex. Postpetiole hemispher-. 
ical; abdomen very glabrous, somewhat 
less flattened than that of the worker. Fic. 3.— Leptothorax 

Leptothorax emersoni is to be assigned to Male 
the small group of North-American species comprising L. mus- 
corum Ny). (also recorded from Europe), L. canadensis Proven- 
cher, with its variety yankee Emery, L. hirticornis Emery, and 
L. provencherit Emery. The workers of all these forms have 
11-jointed antennz and a distinct meso-metanotal constriction. 
That the new species is perfectly distinct from all of these is 
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quite evident from consulting Emery’s table of the North- 
American species of the genus (95, pp. 317,318). 

The above very incomplete account of the female is drawn 
from memory, as the single specimen escaped from the nest 
before it could be described. 

Some of the workers, especially those which approached the 
queen in size, possessed minute ocelli. This is shown by the 
following measurements of the four workers still in my 
collection : 

No. 1. Length 2.5 mm. No ocelli. 
Length 2.75 mm. No ocelli. 
. Length 3mm. Two ocelli. 
.4. Length 3.5 mm. Three ocelli. 


This fact is of some interest, as I shall endeavor to show in 
the sequel. 

On the morning of August 25 the ants were transferred 
to an extemporized Lubbock nest. This consisted of a board 
surrounded by water, and a little fine, moist earth placed on 
the board and covered with a pane of glass. A census of the 
two species of ants gave the following: 

Myrmica : 6 dealated! queens; 7 males ; about 200 workers ; 
a few eggs; 23 larvae, both young and old (but apparently no 
queert larvee) ; 8 worker and male pupze. The latter hatched 
in the course of a few days. 

Leptothorax: 1 dealated queen; 4 recently hatched males ; 
14 workers; 2 adult larvae, which soon became male pupe. 

The earth with its occupants was dumped from the bag on to 
the pane of the Lubbock nest, and the ants, after the first 
flurry of excitement, began to seek refuge under the glass. 
As usual the larvee and pupz were at once conveyed to a place 
of safety. While this operation was going on, it was noticed 
that some of the Myrmica workers carried the Leptothorax 
larvee, and the Leptothorax workers reciprocated by occasionally 

1T feel compelled to coin this term for use in the sense of the German “ ent- 
fliigelt.” The term apterous cannot be used without confusion, since some ants 
(Eciton, Dorylus, Leptogenys, Tomognathus) have truly apterous queens, whereas 


the queens of most species of Formicide have well-developed wings, up to the 
time of their removal after the nuptual flight. 
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carrying some of the Myrmica larve. This action on the part 
of both species was evidently the result of haste and excite- 
ment, as I never saw it repeated subsequently except once, 
when a Leptothorax carried a Myrmica larva a short distance 
and then dropped it. 

As soon as the excitement had subsided the Myrmicas pro- 
ceeded to dig galleries in the soft earth between the glass 
pane and the board, and the Leptothorax at once migrated into 
them. A few hours later the earth that had been dumped on 
the pane was carefully removed and replaced by a piece of 
opaque cardboard which was only lifted from the glass when 
the ants were under observation. A small dish containing a 
syrup of sugar and water was placed near the nest. This 
was soon found by two of the Myrmica workers, which at once 
gorged themselves with the liquid and returned into the nest, 
where they proceeded to dole out the store of food to their 
hungry sisters. It was then that I was able to make my first 
observation on the mutual relations of the two species of ants. 
A Leptothorax worker was seen to follow up and to climb 
on to the thorax of one of the food-distributing Myrmicas soon 
after it had entered the nest. In this position the little ant 
proceeded to lick the back of the head and clypeus of the 
Myrmica with signs of agitation as indicated by the hastening 
of the tremulous beat of its antennz and the throwing of its 
abdomen and postpetiole into stridulatory oscillation. The 
Myrmica paused as if spellbound by this shampooing and 
occasionally folded its antennz as if in sensuous enjoyment. 
The Leptothorax, after licking the Myrmica’s pate, moved its 
head around to the side and began to lick the cheeks, man- 
dibles, and labium of the Myrmica. Such ardent osculation 
was not bestowed in vain, for a minute drop of liquid — evi- 
dently some of the recently imbibed sugar-water — appeared 
on the Myrmica’s lower lip and was promptly lapped up by 
the Leptothorax. The latter then dismounted, ran to another 
Myrmica, climbed on to its back and repeated the very same 
performance. Again it took toll and passed on to still another 
Myrmica. On looking about in the nest I observed that nearly 
all the Leptothorax workers were similarly employed. In one 
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corner of the nest a number of Myrmica workers had formed 
a circle about a few of their small larve which they were 
cleansing and feeding. A Leptothorax soon found its way to 
this cluster and stepped from the back of one ant to that of 
another, lavishing a shampoo on each in turn and apparently 
filling its crop with the liquid contributions thus solicited. 

This and numerous very similar observations, which could 
be made at any time on removing the cover of the nest, prove 
conclusively that the Leptothorax workers demand and obtain 
their food from the Myrmica workers. The method of solicit- 
ing food, however, differs from that of any other myrme- 
coxenous animals known to me. These animals usually request 
food by tapping the ant with their antennze (many myrme- 
cophilous beetles), or stroking its face with their fore feet 
(Atemeles), but none of these guests are so unconventional as 
to mount the backs and scratch the heads of their hosts for 
the purpose of inducing the latter to regurgitate. Even the 
slave-holding Polyergus and the social parasite Anergates 
demand and receive food after the manner of other ants. The 
Leptothorax workers are so persistent in their peculiar atten- 
tions to the Myrmicas that I have come to doubt whether the 
little guest ants ever really feed themselves. Once only was 
a Leptothorax seen togapproach the dish of syrup, lap up a 
very little of it hastily, and then return to the nest. This 
happened before the ants had definitely settled under the pane 
of glass. After that only the Myrmica workers visited the 
manger, and the Leptothorax usually waylaid them as soon as 
they had entered the nest. During my first visit to the four 
natural Myrmica-Leptothorax nests I found the latter species 
loitering in the outer galleries just under the stone. I am con- 
vinced that they prefer this situation in order to be on hand 
the very moment a food-laden Myrmica enters the nest. The 
Leptothorax workers often walked on the lower surface of the 
roof-pane, although they had to turn over to mount the passing 
Myrmicas. They must do this also in the natural nests, for 
the specimens taken August I were, as above stated, crawling 
on the lower surface of the stones. 

Although the feeding of the guest ants commonly proceeds 
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as above described, I have noticed that the Leptothorax after 
mounting a Myrmica sometimes turns about and licks the 
metathorax or even the abdomen of its host, as if, like Myrme- 
cophila (see Wheeler, '00), it found the surface covered with 
some agreeable secretion. It seems, therefore, not improbable 
that the Myrmicas may derive some slight benefit from guests 
which, like many tonsors, combine the occupation of the bar- 
ber and bather. It is perhaps unnecessary to add that the 
Myrmica does not always pay for the shampooing it receives. 
But the Leptothorax is not discouraged ; it merely dismounts 
and runs about in the galleries till it falls in with another 
Myrmica. 

The Leptothorax workers were never seen to approach the 
male Myrmicas, and only once did I see one shampooing one of 
the queens. So conspicuous was this neglect of the two fertile 
sexes of their hosts and their predilection for the workers, that 
I was convinced that they habitually ignore the queens and 
males, because these insects, like themselves, depend on the 
Myrmica workers for their sustenance and are probably on 
that account not in the habit of regurgitating. 

On the evening of the day on which the ants moved into 
the Lubbock nest and during a portion of the following day, 
August 26, the queen Leptothorax wandered about outside the 
nest as if seeking a more favorable retreat. By 4 ?.m., how- 
ever, she had entered the nest and, with eight of her workers 
gathered about her and her two mature larve, was found 
occupying a small earthen chamber under the very middle of 
the roof-pane. This chamber, which had evidently been dug 
by the Leptothorax, was surrounded on all sides by the large 
galleries of the Myrmicas. Seen from above, the Leptothorax 
nest had the appearance of Fig. 4 a. The queen, workers, and 
larvee, nearly filled the small cavity, a, which communicated 
with a wide Myrmica gallery, c, by means of a passage, 0, too 
small to admit a Myrmica. Through this narrow passage a 
few Leptothorax workers entered or passed out from time to 
time, but several always remained in the nest with their queen. 
Usually from one to six workers were to be seen soliciting 
food among the Myrmicas. 
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Three of the six Myrmica queens, together with the Lepto- 
thorax males, were preserved in alcohol, as the nest was somewhat 
over-crowded with the former species and the latter were continu- 
ally escaping. The three remaining Myrmica queens stationed 
themselves some distance apart in the galleries, and each was 
soon surrounded by a coterie of devoted workers. The larve 
and pupz were being cared for in two or three different 
portions of the nest. 

The Leptothorax in their small central nest passed their 
time in fondling and feeding one another or in lying motion- 
less as if asleep, covering the two larve which had been placed 
in the bottom of the nest. The queen was assiduously fed by 
the workers and was never seen to leave the nest after once 
taking possession of it. On several occasions she was observed 
to throw one of the workers down on its back and to hug and 
kiss it in the most animated manner. It was not easy to 
decide whether this behavior signified maternal affection, the 
presence of some form of the play instinct, or the more prosaic 
feeling of hunger. I incline to the last possibility, although 
the action certainly resembled the affectionate struggles of a 
cat with her kitten. 

During the remainder of this day (August 26) the Lepto- 
thorax nest remained in the condition represented in Fig. 4. By 
8 o'clock the following morning, however, the bottom of the 
nest had been dug somewhat deeper, its narrow entrance had 
been closed up and a new one, equally tenuous, had been 
opened in a different position (Fig. 5 7). The two larve had 
become male pupz. By noon the queen had laid three ellipti- 
cal white eggs of rather large size. At 1 p.m. the Myrmica 
workers discovered the hiding place of their little companions, 
and two of them in single file shouldered their way through 
the narrow passage, 7, enlarging it as they proceeded. As soon 
as the head of the first Myrmica appeared in the chamber, the 
Leptothorax, which had been attending to their morning toilet 
and to that of their larve and to the careful arrangement of 
their eggs, turned to meet the intruders. For an instant I 
fully expected to see a fierce battle, but I had misjudged the 
Leptothorax character. To my surprise the Myrmica and 
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her companion on entering the chamber were received with a 
profusion of shampooing. The large Myrmicas, though sadly 
crowding the occupants of the little chamber, let themselves 


Fics. 4-9.— Nest of Leptothorax emersoni n.sp., within the nest of Myrmica scabrinodis Nyl. 


down comfortably and appeared to experience all the sensuous 
satisfaction of a couple of jaded roués who have dropped into a 
Turkish bath for the night. The naturalist of a past generation 
would probably have interpreted the behavior of Leptothorax 
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under these circumstances as a politic act of hospitality on 
the part of a defenseless but intelligent creature. To-day 
there would be little hesitation in interpreting it as merely a 
machine-like reflex called into activity by its customary stimu- 
lus, the presence of the Myrmicas. That the truth lies some- 
where between these two conceptions, though possibly nearer 
that of reflex than of intelligent action, was apparent from the 
subsequent behavior of the Leptothorax. These ants undoubt- 
edly had some dim desire to remove the Myrmicas from their 
nest, for from time to time a Leptothorax was seen to pull 
with her mandibles at the fore leg or antenna of one of the 
intruders, as if to remind her that there are limits to polite 
hospitality. This action was never performed by the Lepto- 
thorax while foraging in the Myrmica galleries, but it was 
regularly performed whenever, as on this and several subse- 
quent occasions, any Myrmica broke into the central chamber. 
The direction of the tugging was not very definite or constant. 
Often when a Myrmica thrust its head through the wall, the 
tugging was indeed towards the interior of the chamber, as if 
to draw the intruder in. But as the small ant was not able 
to move the large Myrmica, and as it could not under the 
circumstances tug in any other direction, the action could 
hardly be regarded as anything more than a gentle means of 
persuading the Myrmica to leave. This tugging was the 
only act even approaching hostility witnessed between the 
two species. The Myrmicas never showed the slightest irri- 
tation towards the Leptothorax, never seized them in their 
mandibles, nor even menaced them. They seemed rather to 
look upon the little creatures with gentle benevolence, much as 
human adults regard little children. They never passed their 
little guests without the antennal greeting, and the Leptothorax 
shampooed their hosts with comical zeal. 

The two Myrmica workers whose intrusion into the Lepto- 
thorax chamber led to the above observations finally departed, 
only to give a second party of Myrmicas an opportunity to 
make a large breach in the wall at xr. These entered the 
chamber at 1.20 P.M. and were received in the same gracious 
manner as the first party, and in turn departed after being as 
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politely requested to leave. The Leptothorax then at once set 
to work to repair their dilapidated wall. At 1.30 a worker 
went out into the adjoining gallery, picked up a pellet of earth 
and placed it in the breach. Again and again she returned and 
gathered earth, often going to a distance of one or two inches 
from the chamber for suitable pellets. Another worker soon 
began to assist in repairing the breach from the inside, tak- 
ing the pellets for this purpose from the inner wall of the 
chamber. Then the first worker walked around the nest, 
entered it through the passageway at ry and began to clean 
herself, while a third worker went out through the breach 
and continued the work on the outside till the wall was 
completed. This was accomplished by 3 P.M. 

At 4 P.M. a little water was poured under a corner of the glass 
where the Myrmicas had congregated in greatest numbers. 
This additional moisture induced them to move mzt Kind und 
Kegel to the middle of the nest. Here they soon began to 
break through the walls of the Leptothorax cell in two places 
(Fig. 6 ss). Two Myrmicas again settled down in the cell 


and underwent the usual shampooing. As soon as they had 
departed the little ants again set about repairing the walls as 
before. Sometimes three or four of them worked at the same 


breach. During the progress of the work they frequently went 
from two to three inches into the Myrmica galleries in search 
of the requisite earth. At the same time a few workers toiled 
from the inside of the cell, and these were soon joined by the 
queen, working as busily as any of her progeny.1_ Occasionally 
a worker, after building for some time on the outside, would 
slip through the breach, turn around and build from the inside. 
Twice Myrmicas rushed up to the spot s (on the right side in 
Fig. 6) and commenced tearing down the wall. They easily 
took out pieces of earth eight or ten times as large as those 
which the little Leptothorax workers were putting in with so 
much care and difficulty. But the infraction of the Myrmicas 
did not escape the attention of the Leptothorax. They 


1It is interesting to note in this connection that Forel ('74, pp. 339-341) long 
ago observed that the queens of the European species of Leptothorax (Z. acervo- 
rum and tubero-affinis) do not shirk their share of the menial labors of the nest. 
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interrupted their repairs to shampoo and kiss the interlopers and 
again they tugged them by a leg or an antenna, sometimes in 
one direction, sometimes in another. And again I was forced 
to conclude that the Leptothorax workers wished to dissuade 
their big hosts from trespassing on their property. At any 
rate, the Myrmicas changed their plans and retreated to another 
part of the nest, just as the other parties had done on former 
occasions. The Leptothorax then continued their repairs. By 
6 P.M. the walls had been rebuilt and the cell had the appearance 
of Fig. 7. The original entrance, 7, had been much narrowed 
so as to exclude all but the slender-bodied inhabitants of the 
chamber. 

At 7 o'clock on the following morning (August 28) the 
Leptothorax nest was found in statu guo, except that the queen 
had laid three more eggs during the night. By noon, however, 
the Myrmicas had again broken into the cell, so that at 4.30 P.M. 
the wall was torn down in several places. Nevertheless, the 
ever alert guest ants had piled up the earth so that the Myr- 
micas could scarcely squeeze between it and the glass roof- 
pane. The inroads of the Myrmicas had been so extensive, 
however, that even as late as 7 p.m. the nest presented the 
appearance of Fig. 8. 

By 7 a.m. on the following day (August 29) the nest had been 
almost entirely rebuilt, as shown in Fig. 9. The Leptothorax 
must have labored during a large portion of the night. They 
had remodeled the nest, giving it a circular form, whilst appar- 
ently retaining the old opening at 7. Besides this opening 
they had two others at z 2, which were underground passages. 
The ants could be seen diving into these and anon reappearing 
within the circular chamber, the bottom of which had been 
sunk still deeper in the soil. The neat little nest now con- 
tained ten eggs. From day to day the Myrmicas had been 
widening their galleries, as is readily seen by comparison of 
Figs. 4 to 9, so that only small pillars of earth remained to 
support the roof-pane around the Leptothorax cell. 

On succeeding days essentially the same conditions as those 
above described were repeated with slight differences in detail. 
For the sake of completing the history of the double nest, the 
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observations extending from August 30 to September 4 are 
condensed in the following notes : 

August 30. The round cell, which remained undisturbed all 
day yesterday, was still intact at 8 o’clock this morning. By 
noon, however, the Myrmicas had torn down its wall in several 
places, and three of them were found in the cell, submitting to 
a vigorous shampoo. By 8 o'clock in the evening the circular 
nest had been rebuilt. The opening at ~ had been closed and a 
new one opened at m (upper left-hand corner of cell in Fig. 9). 

August 31. Almost an exact repetition of yesterday’s 
performance. 

September 1. This morning the reconstructed Leptothorax 
cell is smaller. Its upper entrance, m, and the two subter- 
ranean entrances, 2 m, have not been changed. The ants have 
sunk the pupz and eggs to a greater depth in the earthen floor 
of the nest, so that they are almost in contact with the board. 
The nest was not molested by the Myrmicas during the day. 

September 2. The cell this morning has further decreased in 
size but is still intact. Its cavity is not more than 7 mm. in 
diameter, so that the Leptothorax family is much crowded. The 
two subterranean entrances at #¥ are still in use but the upper 
entrance has been shifted to m (lower ieft-hand corner of cell in 
Fig. 9). The Myrmicas still leave the cell unmolested. 

September 3. To-day, too, the Leptothorax were left in peaceful 
possession of their cell. Many of them went out into the gal- 
leries from time to time to shampoo the Myrmicas and solicit food, 
which they then distributed to their queen and to the few workers 
remaining at home. During the day the upper entrance at m 
was closed so that the wall of the nest was everywhere in close 
contact with the roof-pane. The ants still entered and left the 
chamber through the two underground entrances at 7. 

September 4. At 8 a.m. the Leptothorax nest was unchanged, 
but by noon its circular walls had grown perceptibly thinner, as 
the Myrmica workers had again taken to removing the earth 
from the outer surfaces. The nest was now shaped like a volcano 
with sloping sides and the guest ants inhabiting the crater. By 
5 p.M. the Myrmicas had made two breaches in the walls. The 
nest remained in this condition throughout the evening. 
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The rhythmical assaults of the Myrmicas on the Leptothorax 
retreat in the afternoon, on several of the days during which 
the ants were observed, is, I believe, to be explained as the 
result of rising temperature. In the Litchfield Hills the nights 
and mornings of late August and early September are rather 
cool, while the noon hours may be very warm. The Lubbock 
nest happened to be placed at a window in a room with south- 
western exposure, so that the diurnal variation in temperature 
must have been keenly perceived by the ants. In the warm 
afternoons the activities of the Myrmicas increased ; they ran 
about more rapidly, became more enterprising, and indulged 
their excavating instincts to a greater extent. Then in the 
course of this employment they often broke into the Lepto- 
thorax retreat. 

The fact that the Leptothorax changed their entrances from 
time to time, and, as shown by the figures, kept perfecting the 
form of their cell, thereby making it easier to guard and rebuild 
and more difficult for the Myrmicas to demolish, is evidence 
of the remarkable psychic plasticity of these ants. Similar 
behavior on the part of ants that have been repeatedly dis- 
turbed by other species are recorded by different observers. 
Forel (94, p. 8) brought a large formicary of Myrmicocystus 
altisquamis from Algiers and gave it an opportunity to establish 
itself in a garden near Ziirich. The African ants were much 
annoyed by the incursions of Lastus niger and Tetramorium 
cespitum, and although they at first adhered to their Algerian 
custom of maintaining a large open entrance to their nest, they 
learned during the course of the summer to narrow the open- 
ing gradually. Finally they plugged it up completely with 
grains of earth and made only a small temporary orifice when- 
ever they strolled out on sunny days. Wasmann ('97, pp. 69, 70) 
mentions a nest of Formica sanguinea that resorted to a similar 
method of protecting itself from the repeated attacks of a 
neighboring colony of F. pratensis. All these observations 
go to show that Bethe’s conception ('98;’00) of ants as mere 
‘reflex machines” cannot be entertained. 

From the persistent and strenuous efforts of the Leptothorax 
to intrench themselves, and from the shape and character of 
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their chamber and its entrances, we are justified in concluding 
that these little guest ants must be in the habit of constructing 
similar lodgings for themselves in the midst of the natural nests 
of the Myrmica. In their natural environment the Leptothorax 
would not be cramped for space as they were in the artificial 
nest, and they would probably dig their cell where they would 
not be so frequently disturbed by their inquisitive hosts. 
While making the observations above recorded I was much 
impressed with the poverty-stricken appearance of the Myrmica 
colony. Although it originally contained no !ess then six fertile 
queens, the number of workers, larvze, pupz, and eggs was dis- 
proportionately small. Furthermore, many of the workers were 
of rather diminutive size, and a few of them had crippled 
abdomens. I began to suspect that the Leptothorax might - 
be appropriating the liquid food regurgitated by the Myrmica 
workers on the mouths of their larve. With this in mind I 
closely watched the larve and the inquiline ants. Once I saw 
a Leptothorax lick the mouths of two young larve that were 
lying side by side, and on another occasion a Leptothorax 
licked the body of oife of the larvae. But finally, on September 3, 
I made an observation which convinced me that the regur- 
gitated food is not stolen from the mouths of the Myrmica 
larve. On the morning of that day four Myrmica workers 
were found tugging at the head of a large larva. Under 
the lens I could see that a mass of regurgitated syrup had 
hardened over the face of the larva like a mask, and that the 
four workers were trying to remove it. At last one of them 
succeeded in pulling it off, and while she was moving away 
with it the mass stuck to the roof-pane for a moment, and I 
could see that it was quite hard and glutinous and must have 
remained on the face of the larva for some time. As the 
Leptothorax were continually roving about the galleries in 
search of food, they could hardly have failed to appropriate so 
rich a morsel if they were in the habit of obtaining their food in 
this manner. If any conclusion can be drawn from the single 
nest to which my observations have been confined, it would seem 
to be that the poverty-stricken condition of the Myrmicas, not- 
withstanding the number of fertile queens, must be brought 
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about more indirectly by the Leptothorax, vzz., by their continu- 
ally pestering the Myrmicas for food and thus diverting to 
their own use much of the sustenance that would, under other 
conditions, benefit the Myrmicas themselves and their progeny. 

If I have correctly estimated the influences which may tend 
to diminish the fecundity and prosperity of the Myrmicas we 
have in this double nest another striking demonstration of the 
complete absence in ants of any faculty of reason. For, if the 
Myrmicas possessed a glimmer of this faculty, they could easily 
annihilate the gluttonous little nest mates that are forever roam- 
ing about their galleries like so many animated stomach pumps. 

As I was obliged to leave Colebrook I took advantage of the 
cold morning of September 5, when the ants were inactive, to 
transfer them all to a Cohansy jar containing some earth. From 
this date till October 1 I was traveling about and was there- 
fore compelled to suspend observations on the compound nest. 
On returning to Austin, Texas, October 1, the ants were again 
transferred to a Lubbock nest, but to my dismay I found only 
the queen and a single worker of the Leptothorax remaining. 
The eggs, the two male pupz, and the other workers of this ant, 
together with nearly all the larve and pupz of the Myrmica, 
had disappeared. The Leptothorax queen was very uneasy and 
wandered about outside the Myrmica nest. On the following 
day she disappeared. She had probably contrived to cross the 
moat on the bodies of some drowned Myrmicas. 

The single worker remained in the nest and for several days 
ran about shampooing the Mytmicas and soliciting food. On 
October 7 she, too, escaped from the nest and was found strug- 
gling in the moat. She was rescued from drowning and soon 
recovered sufficiently to crawl into the nest, though she-showed 
no desire to mingle with the Myrmicas. Finally she lay motion- 
less in a deserted gallery, where she was found dead the next 
morning. Thus ended the last of these fascinating little ants. 


(Zo be continued.) 


THE LOUISIANA DEER. 
GLOVER M. ALLEN. 


Ir has long been known, in a general way, that the deer 
inhabiting the lowlands of Louisiana is distinctly different 
from the related races to the north and east. As long ago 
as 1820, Geoffroy Saint-Hilaire and Cuvier! figured a doe 
in summer pelage under the name of “Biche du Cerf de la 
Louisiane.” They did not, however, consider it different from 
their “Cervus virgintanus”’ (= Odocelus virginianus virginianus 
Bodd.®). 

Through the kindness of the museum authorities, I have 
been enabled to examine the series of deer skins and skulls in 
the Museum of Comparative Zodlogy. In the Bangs collection 
are four skins and skulls of deer from Mer Rouge, Louisiana. 
These represent a well-marked race, which may be known as 


Odocelus virginianus louisiane, subsp. nov. 


Type: No. 9111, collection of E. A. and O. Bangs, in Museum 
of Comparative Zodlogy. Adult male, from Mer Rouge, 
Morehouse County, Louisiana. Collected Nov. 8, 1898, by 
B. V. Lilly. 

General characters; Size large; color, in winter, pale; skull 
long and slender; lower row of molar teeth long; antlers 
heavy and high. 

Color of type—body: dorsal surface from between the eyes 
to the root of the tail a grizzled cream-buff and brownish-black ; 


1 Histoire Naturelle des Mammiferes, etc., tome i, livr. xvii, Paris, 1824. 

2 As pointed out by Dr. J. A. Allen in the American Naturalist, vol. xxxiv. 
No. 400, p. 318 (April, 1900), Erxleben did not propose the name americanus 
for the Virginia deer in his sentence, “ Differtne vere americanus uti Pennanto 
videtur” ; ‘americanus’ is here a mere adjective and not a tenable name, since 
such names are given in the margin. Erxleben here merely mentions the 
American form, giving a description and synonymy without himself passing 
judgment on its validity as a distinct species. 
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each hair has a fine black tip, below which it enlarges slightly 
in diameter and presents a zone of cream-buff, then one of 
brownish-black, which shades into whitish near the root. Pass- 
ing ventraliy from the back to the sides, this whitish base grad- 
ually becomes more extensive, to the final exclusion of the 
brownish-black zone, so that the sides of the belly are a nearly 
uniform cream-buff to ochraceous-buff. On the lower part of 
the shoulders the color of the back shades into a grizzled grayish. 
The tail above is nearly unicolor with the back and has a few 
pale rufous hairs at its base ; the terminal third is nearly uni- 
form black. The ventral surfaces of the body and tail are 
white. The chest is ochraceous-buff, with a slight intermix- 
ture of long brownish-black hairs between the forelegs. 

Head and neck: A small area behind and between the 
nostrils and a semicircular patch ventrally on each side of the 
angle of the jaw, brownish-black. Chin, upper throat, eye-ring, 
and sides of the muzzle whitish; a few black bristles about the 
eyes. The rest of the sides of the head are a finely grizzled 
white and brownish-black, passing into the white of the chin 
and the bright cream-buff of the throat. The ears on their 
outer surfaces are similar in color to the top of the head and 
have the edges of the tips brownish-black ; their inner surface 
is lined with long, delicate white hairs. 

Limbs: The inner surfaces of the axilla and thighs are 
white ; the color of the outer surfaces passes from the color of 
the sides of the body proximally, to an ochraceous-buff distally. 
A line of white hairs is present between the toes. The meta- 
tarsal gland is small, 14 mm. in length, and is surrounded by 
stiff, short white hairs, forming a tuft which. has a concealed 
outer border of brownish-black. The hoofs and dew-claws are 
as long as in the type of Odocelus virginianus borealis (Miller), 
but slightly narrower. 

The three other topotypes (Nos. 9112, 8622, 8623, Bangs 
collection) agree closely with the type in coloration, but 
No. 8623 has a darker median dorsal line, and the upper 
surface of the tail is uniformly black save for a few rufous 


1 Odocalus americanus borealis Miller, Bull. N. Y. State Mus., vol. viii, No. 38 
(October, 1900), p. 83. 
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hairs near the base ; in No. 9112, as compared with the type 
specimen, the tail is more rufous, with a short black tip. 

I have not seen specimens of this deer in the summer pelage, 
but the doe in summer coat figured by Saint-Hilaire and Cuvier 
is bright reddish, and as the nearest races to the east and west 
are brighter in summer than in winter, a seasonal change of 
similar nature may be looked for in the Louisiana deer. 

The skull: The skull of the Louisiana deer is long and 
slender. The nasals are long and narrow; the zygomatic and 


Fic. 1.— Skull of Odocelus virginianus borealis (Miller), f , type No. 4999, Coll. E. A. and 
O. Bangs, Mus. Comp. Zoil. 
the palatal breadths are narrow, being much less than those of 
the northern Virginia deer (Odocelus virgintanus borealis). 
In the type of O. louistane the distal end of the nasal bone 
touches the proximal end of the premaxillary, and the same is 
true in the skull of No. 8623, ¢, topotype. In this respect 
there is a resemblance to Odocelus virginianus osceola (Bangs)! 
and Odocelus texanus (Mearns). However, in No. 9112, ¢, topo- 
type, an upward projection of the maxillary separates these two 


1 Cariacus osceola Bangs, Proc. Biol. Soc. Wash., vol. x (February, 1896), pp. 25-28. 
* Dorcelaphus texanus Mearns, ibid., vol. xii (Jan. 27, 1898), pp. 23-26. 
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bones for a space of about 3 mm.; while No. 8622; also ¢, topo- 
type, resembles the northern Virginia deer in that this arm of 
the maxillary separates the nasal and premaxillary bones by a 
larger space, in this case 15.5mm. The lower molar row is long, 
being even a trifle longer than in O. borealis, though the jaw of 
the latter slightly exceeds that of O. /ouzscane in length. In 
all the specimens examined the ramus of the jaw shows a slight 
concavity in ventral outline between the molar region and the 
tip, resembling in this respect O. osceola and differing from 


Fic. 2.— Skull of Odocalus virginianus osceola (Bangs), g» No. 2391, Coll. E. A. and 
O. Bangs, Mus. Comp. Zodl. 

O. borealis, in which the ventral outline of the jaw is more 
nearly straight. Following are some measurements in milli- 
meters of the skull of the type of O. /oucstane, and by way 
of comparison the corresponding measurements of the type of 
O. borealis (No. 4999, ¢, Bangs collection), the race most resem- 
bling it in size, are given in parenthesis after each. (Unfor- 
tunately, the occipital region has been sawed off from the 
Louisiana skulls by the collector, but there seems to be no 
appreciable difference in length between them and northern 
Virginia deer skulls.) Zygomatic breadth, 115 (130) ; least 
inter-orbital breadth, 69 (80.5); greatest length of nasals, 
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106 (95); greatest breadth of nasals, 19 (21.5); length of 
premaxillary, 81 (86); greatest palatal breadth between upper 
molar rows, 45.3 (55); extreme length of lower molar row, 
84 (82). 

Antlers: The antlers of the Louisiana deer are heavy, and 
equal in size those of the northern Virginia deer, but as com- 
pared with them they arise from the head at a sharper angle 


Fic. 3. — Skull of Odocelus virgini: louisiana, , type No. grrr, Coll. E. A. 
and O. Bangs, Mus. Comp. Zool. 


and bend strongly inward, so that, although the length of beam 
is practically the same in the type specimens of O. louisiane 
and O. borealis, the antlers of the former are higher and at the 
same time 80 mm. less in width across the beams than those of 
the latter. In these high, narrow antlers there lies another 
point of resemblance between the Louisiana deer and the little 
Florida deer. The antlers of the type specimen of O. louisiane 
measure 566 mm, from the burr to the tip of the beam, following 
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the inner curves of the latter. The circumference of the 
antler at the base just above the burr is 119 mm. In addition 
to the basai prong (that of the right antler being single and that 
of the left bearing a small additional point on its anterior face), 
there are on each beam three large tines anda small point on 
the inner side of the beam between the first two tines. The 
second tine is, on each antler, the longest. Both of these tines 
possess an extra point on the anterior face near the tip, and 
that of the left antler has also one on its outer face.’ 

Size: The specimens from Louisiana are unaccompanied by 
measurements, so that the following taken from the dry skins 
can only be considered approximate. The measurements of 
the four specimens are given in millimeters in order thus, — 
Nos. QIII type, 9112, 8622, 8623: length from nose to end of 
tail (exclusive of terminal hairs), 2072, 1995, 1856, 1695 ; tail, 
220, 253, 285, 240; hind foot, 490, 393, 375, 382; ear from 
crown, —, 122, 130.5, 134.5. No. 9112 is a young three-point 
buck captured Dec. 10, 1898; No. 8623 is a spike buck, and 
with No. 8622, a one-point buck, was taken March 4, 1899. 

Range: The lowlands of Louisiana, perhaps found through- 
out most of the Austro-riparian zone. 

Remarks : The Louisiana deer is more closely related to the 
little Florida deer (Odocelus virginianus osceola) than to the 
more northern races. Indeed, it is in general appearance but 
a larger and slightly paler representative of that animal. To 
the west of its range is another small deer, Odocalus texanus 
(Mearns), but, as Dr. Mearns himself states, it is not to be 
confounded with the Louisiana deer. From true Odocelus vir- 
gintanus (Bodd.), the large size and proportions of O. louzstane 
are alone sufficient to distinguish it, while from Odocalus vir- 
ginianus borealis, which it equals in size, it is easily separated 
by the cranial and color characters here given. 


1In the accompanying photographs the skulls were all placed at the same 
distance from the lens of the camera without changing its position or focus. 
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ON THE OSTEOLOGY AND SYSTEMATIC 
POSITION OF THE SCREAMERS 
(PALAMEDEA: CHAUNA). 


R. W. SHUFELDT. 


ProFEssor William Kitchen Parker was the first to sus- 
pect that those remarkable birds known as the screamers might 
in some way be related to the Anseres, and as long ago as 
1863 he undertook to point out in his excellent paper on the 
subject in the Proceedings of the Zodlogical Society of London 
(pp. 511-518) what the relationships between the two groups 
consisted in. A few years later, however, Huxley included 
them among his Chenomorphz (of. cz¢., 1867, pp. 436-460). 
Naturally such authorities carried great weight for some time, 
but when Garrod came to investigate the structure of Chauna 
derbiana he quickly arrived at the conclusion that the Palame- 
deidze were surely no geese, whatever the affinity might be 
between the two groups (P. Z. S., 1876, pp. 189-200). Dr. 
Sclater in 1880 created a distinct order for them (Palame- 
deze), still keeping them, however, in the neighborhood of the 
Anseres. Dr. Stejneger includes them with the Chenomor- 
phe as a super-family (Anhimoidez), as I have elsewhere 
pointed out, while Dr. Fiirbringer makes an intermediate sub- 
order for them standing between the anserine birds and the 
family Apyornithide. Mr. Seebohm kept the flamingoes, 
Anseres, and the Palamedez as suborders in the order Lamel- 
lirostres ; and Sharpe places only the Anseres and the scream- 
ers in an order Anseriformes. Professor Beddard (P. Z. S., 
1894) makes comparisons between Palamedea and Chauna, but 
expresses no decided opinion there as to the systematic posi- 
tion of the group. 

Of all the accounts I have read of the osteology and tax- 
onomy of the screamers, none come so near to what I consider 
to be the truth in the case as does the above-cited contribution 
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EXPLANATION OF PLATE. 


Right lateral view of the skeleton of the horned screamer (Palamedea cornuta). 
Greatly reduced. Photograph of specimen No. 18,588 of the Osteologicai 
Collections of the U. S. National Museum. (Collected in Venezuela.) 
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of Garrod’s in the P. Z. S. of 1876. His figures illustrating 
his remarks are extremely instructive, comparing as he does 
the occipital aspects of the skull of a Magellaine goose (Cha- 
phaga magellanica),a Derbian screamer (Chauna derbiana), and 
a razor-billed curassow (Mitua tuberosa). He also gives the 
basal view of the skull of Chauna derbiana. Garrod draws 
some very careful comparisons among the several forms just 
named, and it is well worth the pains of the student of avian 
osteology and classification to read what he has to say, in the 
paper cited, in connection with the present contribution. 

With the view of throwing additional light upon the affini- 
ties of the screamers, I have compared the skeleton of the 
horned screamer, Palamedea cornuta (see plate, opposite page), 
with that of the Coscoroba swan (Coscoroba coscoroba) and the 
common wild turkey (Meleagris gallopavo) and arranged the 
principal osteological characters characteristic of each form in 
the subjoined table in a comparative way, thus supplementing 
the results already achieved by Garrod and further emphasizing 
some of the opinions arrived at by him in regard to the system- 


atic position of the screamers. 


SKULL. 


SCREAMER. 


SWAN. 


TURKEY. 


General aspect. 


Superior mandi- 
ble; vault of 
orbit and cra- 
nium ; occipital 
area. 

Lacrymal bone. 


Interorbital sep- 
tum. 
Quadrates. 
Auricular 
ing. 
Lateral processes 
of the cranium. 


open- 


Palate. 


Conspicuously gal- 
line. 

Characteristically 
galline. 


Very small, but 
anserine. 


Entire. 


Ansero-galline. 
Galline. 


Anserine. 


Desmognathous. 


Typically anserine. 


As in other An- 
seres and quite 
different. 


Very large, with 
superior portion 
elongated. 

Entire. 


Anserine. 
Anserine. 


Anserine. 


Desmognathous. 


Typically galline. 


Agrees almost ex- 
actly with the 
screamer: gal- 
line. 


As in the fowls 
generally, and 
very different. 
Perforated. 


Galline. 
Galline. 


Fuse distally, and 
thus include a 
foramen. 

Schizognathous. 


| 
| 
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SKULL. 


SCREAMER. 


SWAN. 


Palatines and 
Vomer. 


Facets of ptery- 
goids. 

Basi-temporal 
area. 

Mandible. 


Hyoidean appa- 
ratus. 


VERTEBRAL 
COLUMN. 
Cervicals. 


[No epipleural 
Pelvis. 


Galli-anserine, or 
with characters 
nearly equally 
divided. 

Median, as in 
many pigeons. 

Subtypically  gal- 
line. 

Strongly galline, 
but with the 
angular proc- 
esses approach- 
ing the Anseres 
in character. 

Galline. 


18. Pair of free 
ribs on last. 


Six pairs vertebral 
ribs; a// without 
epipleural ap- 
pendages. Two 
pairs pelvic ribs ; 
costal ribs of 
last pair do not 
reach the ster- 
num. 

appendages on the 

Narrow and long- 
ish, but on the 
whole with quite 
as many galline 
characters as 
anserine. Pro- 
pubic processes 
absent. Distal 
ends of pubic 
elements 
dilated. 


Anserine. 


Anterior. 


As in other swans 
and geese. 

As in other typical 
lamellirostral 
birds, and very 
different from 
Palamedea and 
the fowls. 

As in the Anseres 
generally, and 
very different 


from Palamedea. 


21. Two last bear- 
ing free ribs, 
with epipleural 
appendages on 
last pair. 

Five pairs ver- 
tebral ribs; a// 

epipleural 
appendages. 
Three pairs pel- 
vic ribs; costal 
ribs of last pair 
do not reach the 
sternum. 

pelvic ribs in any 

Narrow and long. 
Propubic proc- 
esses present. 
Distal ends of 
pubic elements 
greatly dilated. 


with 


TURKEY. 


Galline. 


Anterior. 


As in most true 
fowls. 
Characteristically 
galline. 


Galline. 


16. As inthe swan, 
but the last cer- 
vical fused with 
the first dorsal 
vertebra. 

Four pairs vertebral 
ribs; 
epipleural ap- 
pendages. One 
pair pelvic ribs; 
costal ribs of last 
pair do not reach 
the sternum. 


with 


of these birds. ] 

Shorter, and broad 
in postacetabular 
region. Quite dif- 
ferent from swan 
and screamer, but 
with propubic 
processes present, 
and distal ends of 
pubic elements 
not dilated. 
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VERTEBRAL 
COLUMN. 


Shoulder-girdle. 


Sternum. 


Anserine 


Proportions 


SCREAMER. 


Anserine character 


decidedly pre- 
vailing. Os fur- 
culum U-shaped, 
with the arch 
very broad trans- 
versely and 
antero-posteri- 
orly flattened ; 
articulation with 
coracoids and 
scapulz asin the 
geese. Cora- 
coids more an- 
serine than 
galline. 


char- 
acters prevail- 
ing ; but the pos- 
terior pair of 
notches. shal- 
lower, and the 
lateral xiphoidal 
processes far 
broader. 


Highly pneumatic. 


and 
characters of 
pectoral limb, as 
compared with 
Meleagris, de- 
cidedly anserine. 
Large spurcores 
fused on carpo- 
metacarpus 
(upper one three 
times the size of 
distal one). 
Small ungual 
claws on pollex 
and index digits. 


Humerus 


furculum 
U-shaped and 
typically anser- 
ine. As in the 
screamer, the co- 
racoids do not 
come in contact 
when articulated 
in situ. 


Agrees with all the 


typical anserine 
fowls among the 
swans, geese, 
and some of the 
ducks. 


only 
pneumatic (?) 


Bones of pectoral 


limb long and 
light, as in most 
large anserine 
birds. 


TURKEY. 


Os furculum 


V-shaped, and 
the elements of 
the shoulder- 
girdle all typically 
galline. 


Completely galline 


in character, and 
very different 
from the sternum 
of Palamedea. 


Humerus pneu- 


matic; femur 
partially so (?) 


Bones of pectoral 


limb are propor- 
tionately as well 
as actually con- 
siderably shorter 
and slightly 
stouter. Typi- 
cally galline, with 
no special agree- 
ment with the 
corresponding 
ones in the wing 
of Palamedea. 


| 
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VERTEBRAL 


i SCREAMER. SWAN. TURKEY. 
COLUMN. 


Limbs. Pelvic limb anser- | Hypotarsus of | Hypotarsus very 
ine, with long tarso-metatarsus different from 
podal digits. somewhat like that process in 
Cnemial proc- that of the Palamedea. 

esses of tibio- screamer. 
tarsus not as 
prominent as in 
the swans and 
fowls. 


From an osteological point of view the screamers are 
extremely puzzling forms. Had we only the skull of Pada- 
medea cornuta to judge from, there is no question but that 
avian taxonomers would have placed that species close to the 
gallinaceous group of birds, its desmognathous palate notwith- 
standing. We obtain but little light on the subject by the 
comparisons made of its vertebral column and pelvis, though 
in the latter we meet with some characters that seem to suggest 
an affinity with the storks. 

Had we but its shoulder-girdle and sternum to judge from, it 
is quite questionable in my mind that from these bones alone 
its anserine affinities, or such as it may possess, would have been 
suspected, and it is only when the characters of these are taken 
in connection with others now known to us, that such a belief 
gains support. We should never suspect Palamedea of having 
any kinship with the Anseres were we to judge from the skel- 
eton of its wing alone, though it is very likely that such a 
relation would have been suspected had we only the bones of 
the pelvic extremities to guide us. 

Taken as a whole, the anserine characters of the skeleton of 
Palamedea, however, are more evident than those of any other 
group of the class, but these characters are neither typical nor 
are they strongly marked. Such galline characters as are 
exhibited in its skeleton are far more typical and most decidedly 
more evident. But neither its anserine nor its galline osteo- 
logical characters are sufficiently pronounced to justify us in 
arranging the screamers either along with the Anseres or the 
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gallinaceous fowls. Such other characters as it may have in 
its skeleton, derived from ancestral representatives of still other 
groups, are now too completely masked and too obscure for us 
to decipher, especially as all of the near relatives of these birds 
have long ago died out, leaving no existing forms to assist us 
in the matter. Palamedea, then, is doubtless the survivor of an 
extremely ancient stock of birds, and were it positively known 
that the gallinaceous types and the Anseres sprang from a 
common stock, and it is not at all impossible, such birds as the 
screamers may have easily appeared close down at the branch- 
ing and then have ascended to the present time, showing but 
few structural changes in their organizations. 

Palamedea is a strong, vigorous, and eminently combative 
type of fowl, and one not calculated, in time, to have been 
much modified by its surroundings, and so has preserved in its 
morphology the major share of its archaic structure. 

I agree with Fiirbringer that the screamers should be placed 
near the Anseres, but apart and in an independent group, 
standing between the latter and the ostrich types of birds. 

The Palamedez, in fact, constitute a suborder of birds 
(although represented but by three existing species) coequal 
in the matter of distinctness with a number of others that 
have been created in the class Aves, and, as a group, even 
better defined and more distinct than not a few others. It is 
fortunate for us indeed that in their anatomical structure there 
is so much that enables us to recognize as clearly as we can 
the place occupied in the system and in the class by these 
birds and to predict with such certainty what their relation- 
ships are with the other main groups of avian forms. 


WASHINGTON, D.C. 
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NORMAL RESPIRATION AND INTRAMOLECULAR 
RESPIRATION. 


GEORGE JAMES PEIRCE. 


“RESPIRATION is essentially the intake of oxygen and the 
output of carbon-dioxide by living cells. In the higher animals 
two phases of respiration are distinguished — the external, the 
exchange of gases between the air or water and the blood; and 
the zuternal, the exchange between the blood, lymph, and the 
tissues.” 1 In plants there is, for the most part at least, only 
the one phase, the exchange of gases between the air or water 
and the cells composing the tissues, an exchange which is 
direct and ‘external,’ since it takes place in most cases 
between the air, whether in the intercellular spaces within the 
plant, or unconfined and outside the plant body, and the indi- 
vidual cells. Even in’ the densest tissues, within which the 
intercellular spaces are small, it is likely that the cells take in 
free oxygen and give out carbon-dioxide, if not directly from 
intercellular spaces, then from their neighbors bordering on inter- 
cellular spaces. In any case, and in every stage of the process 
of respiration except the purely mechanical ones, of which only 
the higher animals are capable, the exchange of gases between 
the cells and the air takes place in solutions, the oxygen enter- 
ing and diffusing through, the carbon-dioxide passing out from, 
the cells only when these gases are dissolved in water. 

The object of respiration in plants is not the maintenance 
of a certain body temperature, together with the production of 
energy needed for doing work, as in warm-blooded animals. 
It is merely the production of energy for doing work, as in 
cold-blooded animals. The average body temperature of plants 
is, in general, nearly the mean daily temperature of their envi- 
ronment. It will vary within certain limits, the variation being 


1 Pembry, M.S. Chemistry of Respiration, Schafer’s Zext-Book of Physiology, 


vol. i (1898), p. 692. 
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large or smali according to the environment. Submersed 
aquatics will vary least, floating aquatics more, and terrestrial 
plants most in body temperature, other things being equal. But 
as the temperature of small, still bodies of water (pools, etc.) may 
vary considerably, so the body temperature of the organisms 
living therein will vary, being warmed by the sun and cooling 
during the night. The body temperature of the larger terres- 
trial plants is likely to be higher at night (except on the exposed 
surfaces), and lower in the day, than that of the surrounding 
air. Owing to the great extent of their surface as compared 
with their mass, radiation from the larger plants is rapid, and 
a body temperature independent of their environment could 
be maintained only at great expense of material laboriously 
collected and elaborated. Plants work economically, are com- 
pelled to do so, and this extravagance is avoided. 

Heat is the form in which the energy set free by respiration 
usually makes itself evident, but it does not necessarily follow 
that only so much energy is liberated as is recognizable as heat, 
or that this is the only form in which energy is liberated. 
Only that energy becomes evident as such which is not at 
once used. In order to determine the amount of energy 
liberated in respiration, it is necessary to know and to measure 
the material products of respiration. 

The substances ordinarily taking part and produced in the 
process of physiological oxidation are the highly complex 
nitrogenous and non-nitrogenous compounds elaborated by the 
organism and carbon-dioxide, water, and various small amounts 
of several other-.substances. Of these last, oxalic acid is the 
commonest and most important. Since the production of 
energy and not of any particular compounds is what is striven 
for in respiration, and since the substances acted upon by free 
oxygen are different in different plants and even in different 
cells of the same plants, the products differ accordingly. 

Although the oxidation of nitrogenous matter also takes 
place, it is mainly the non-nitrogenous contents of the living 
cell which are involved in physiological oxidation. In the 
animal body the oxidation of organic nitrogenous compounds 
(proteids, etc.) results in the production of urea and of other 


| 
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similar substances no longer usable and presently cast off from 
the body. In plants the elimination of these products is more 
economically accomplished, for they furnish the foundations 
for the re-synthesis of albuminous compounds. These waste 
substances are removed by transforming them synthetically 
into useful compounds. 

The non-nitrogenous substances which become oxidized are 
the fats and oils, the starches and sugars. The oxidation may 
first convert the hydrocarbons into carbohydrates, with the 
liberation of energy and the formation of by-products, carbo- 
hydrates and by-products then becoming still further oxidized 
with the liberation of still more energy. While respiration is 
going on, the other functions also in operation may involve the 
use, with chemical change, of some of each substance produced 
in respiration, and the formation in the cell of other substances 
not the products of respiration at all. It is therefore evident 
that to ascertain the material products of respiration is hardly 
less difficult than to determine the amount of energy liberated. 
Since each process is normal only when accompanied by all 
the processes going on at the same time, it is impossible to 
isolate any physiological process for purposes of study. The 
products of one set of chemical activities in the living body 
may enter wholly or partially, simultaneously or successively, 
into other chemical activities. The end products can be recog- 
nized and measured with comparative ease, but to tell exactly 
where or how they are formed is much more difficult and not 
now entirely possible. 

Water and carbon-dioxide gas are the chief products of the 
physiological, as also of all other forms of combustion of car- 
bon-containing bodies. They are formed whenever a sufficient 
amount of oxygen is united with the higher carbon compounds. 
In organisms living under such conditions that the air can 
penetrate to all their parts, enough oxygen will always be 
present for such complete decomposition. The oxygen does not 
unite of itself with the combustible compound, for even if active 
(nascent) oxygen is present at all, which seems improbable,? 


1 Pfeffer, W. Pflanzen-Physiologie, 2te Auflage, Bd. i (1897), p. 554. Phys?- 
ology of Plants, translated by Ewart, vol. i (1900), pp. 545, 546. 


| 
i 


466 THE AMERICAN NATURALIST. [VoOL. XXXV. 


it is present in amounts insufficient to accomplish the whole 
result. The union is accomplished by and in the living cell; 
whether with a more readily oxidizable substance first formed 
from sugar, or with sugar itself, is not now known. All that is 
known is that sugar, or some similar substance, and oxygen 
unite, forming as end-products mainly carbon-dioxide and water. 
The following reaction, without indicating what, if any, inter- 
mediate stages there may be, shows the material results : 


n + 6 O2 + Aq.) = n(6COz + + Aq.). 


(Aq., representing the water in which the sugar is dis- 
solved in the cell, does not enter the reaction. indicates 
the unknown multiple of the minimum proportional formula 
C6H:1206, which stands for the sugar molecule. The 6H2O 
produced in the course of combustion may unite with the 
solvent water (Ag.), or may pass off as vapor, diffusing the 
faster from the cell by reason of the heat liberated). 

Since other substances than sugar are also oxidized physio- 
logically in the cell, other products will be formed, the kinds 
and the quantities of the latter varying according to the former. 
The commoner of these minor products are oxalic, malic, and 
citric acids, which accuraulate in considerable quantities in 
certain plants (e.g., in the leaves of Oxalis acetocella, in the 
Crassulace@, in apples, etc., and in the citrous fruits, lemons, 
limes, oranges, etc.), or are converted into salts (e.g., calcic 
oxalate, crystallizing out of the solutions in which it is formed 
in the cell), or undergo other changes (e.g., further oxidation). 

In all organisms the oxidation of nitrogenous compounds, as 
well as non-nitrogenous, occurs in normal respiration. The 
proportional amounts of the two groups of compounds phys- 
iologically oxidized vary with different organisms. In the 
majority only organic and highly complex compounds are 
made to yield the needed energy, but in some much simpler 
inorganic compounds suffice, and in a few organisms already 
known the carbon compounds are not used at all. 

The nitro-bacteria, as first shown by Winogradsky,! oxidize 


1 Winogradsky, S. Recherches sur les organismes de la nitrification, 47- 
nales de ’ Inst. Pasteur, tomes iv, v (1889-91), and other papers. 
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simpler nitrogen compounds in order to liberate energy, employ- 
ing carbon compounds only in the synthesis of food to be 
used in the construction of their own bodies. One set of 
nitro-bacteria oxidize ammonia, or compounds of ammonia, to 
nitrous acid, the first and last steps of the process being thus 


indicated : 
2 NH,0H + 302 =2 HNO, + 4 H,0. 


Another set oxidize the nitrous acid, or its salts, to nitric acid, 


thus : 
2 HNO, + O2 =2 HNO,. 


The sulphur bacteria (Beggzatoa, Chromatium, etc.) obtain 
most if not all of their kinetic energy by oxidizing sulphur 
compounds. They precipitate sulphur in their own bodies by 
oxidizing the sulphureted hydrogen present in the water in 
which they live! If the supply of gas remain sufficient, the 
sulphur will accumulate as a reserve supply in the cells ; if it 
decrease, the reserve sulphur will be oxidized and, uniting with 
water, will form sulphuric acid, or its salts, thus: 

2H.2S + 0O.=2H20+S 
S + O. = SO, 


2S0, + = 2S0O; 
SO; + H.O = H.SO, 


Those bacteria (e.g., Crenothrix) which, living in water rich 
in iron, deposit iron in some form in or upon their own bodies, 
may obtain their kinetic energy by physiologically oxidizing 
ferrous compounds, presumably ferrous oxide, to ferric oxide.” 

Other bacteria may be discovered which, needing carbon and 
nitrogen compounds only to supply the constructive elements 
of protoplasm, obtain their needed energy by oxidizing other 
substances present in solution in the waters in which they live. 


} Winogradsky, S. Ueber Schwefelbakterien, Botan. Zeitung, 1887. Beitrage 
zur Morph. u. Physiol. der Bakterien. Leipzig, 1888. Miyoshi, M. Studien iiber 
die Schwefelrasen-Bildung und die Schwefelbakterien der Thermen von Gumoto 
bei Nikko, Journ. Coll. Sci. Imp. Univ. Tokyo, Bd. x, pt. ii, 1897. 

2 Winogradsky, S. Ueber Eisenbakterien, Botan. Zeitung, 1888. Molisch, H. 
Die Pflanze in ihren Beziehungen zum Eisen. Jena, 1892. Miyoshi, M. Ueber 
das massenhafte Vorkommen von Eisenbakterien in den Thermen von Ikao, 
Journ. Coll. Sci. Imp. Univ. Tokyo, pt. ii, 1897. 
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The essential product of respiration, the one which distin- 
guishes respiration from all the other functions of the living 
organism, is kinetic energy. The material products vary in 
kind and in quantity according to the nature of the organism 
and the substances which can be affected, these substances 
being in most cases complex compounds elaborated within the 
body of the respiring plant, but not in all cases, as shown by 
the bacteria just mentioned. 

Nor is free oxygen necessary to all organisms or to all cells. 
As the hemoglobin of the blood is a complex compound from 
which some of the oxygen, only loosely held, can be readily 
withdrawn where oxidation for the supply of energy is needed, 
so the color products of certain bacteria (e.g., Bacillus bruneus) 
are reserves of oxygen which become used when there is no 
longer an adequate supply of free oxygen.! From colorless 
compounds also, the cells at depths in the tissues of animals 
(perhaps also of plants*), to which free oxygen penetrates only 
in insufficient amounts if at all, obtain by decomposition the 
energy needed. These decompositions are not necessarily 
effected to secure oxygen for the oxidation of other sub- 
stances, for the decompositions themselves release as kinetic 
the potential energy whica was holding the complex substances 
together. 

The mutual attraction of one atom of carbon and two of 
oxygen is so great as to make the molecule of carbon-dioxide 
very stable as well as very simple, for the affinities of the 
carbon and oxygen are satisfied. In the complex compounds 
of carbon, hydrogen, and oxygen in the sugar group, the affini- 
ties of the component elements are: not satisfied ; the com- 
pounds are much less stable, as their ability to take up more 
oxygen shows. At ordinary temperatures and under ordi- 
nary conditions these compounds are stable. Their stability is 
due to the mutual affinities of their component atoms which 
exert an attraction upon one another sufficiently powerful to 


1 Ewart, A. J. On the Evolution of Oxygen from Colored Bacteria, Journ. 
Linnean Soc., vol. xxxiii (1897), p. 123. 

2 Pfeffer, W. Berichte d. math. phys. Klasse a. K. Sachs. Gesells. d. Wiss. 2u 
Leipzig, 27 Juli, 1896, p. 383. 
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hold them together in definite form. When the atoms are 
rearranged more compactly in simpler forms in space, their 
bonds or affinities are more completely satisfied, they unite 
more perfectly, oxidation takes place in the rearrangement, 
and energy is accordingly liberated and made available for other 
purposes. Energy is stored in the starch or oil or sugar 
molecule ; the kinetic energy (solar or other) employed in the 
construction of the molecule remains in it as potential energy, 
holding the atoms together. The destruction of the molecule 
results in the liberation of so much kinetic energy as was 
employed in constructing it from the simple compounds worked 
upon. 

The complete oxidation or combustion of a gram of dextrose 
(sugar), resulting in the formation of carbon-dioxide and water, 
as represented by this reaction, 


CgH120¢6 + 6Q, = 6CO, + 6 H,O, 


liberates 3939 small or ordinary calories,! or mechanical units 
of energy in the form of heat.2_ For the sake of obtaining these 
figures in more exact terms, for use in future comparisons, we 
may multiply this with the molecular weight of dextrose, thus: 


atomic weight of C = 1 
of H 


I 
of O = 16 


Ce6Hi20¢ = 180 = molecular weight of dextrose. 

3939 calories x 180 = 709020 calories 

= 709.02 Calories 
The heat of combustion or complete oxidation of 1 gram-mole- 
cule, z.¢e., of 180 grams, of dextrose, is then 709.02 great 

calories (C.). 

This reaction, and the production of this amount of heat, 
take place only in the presence of sufficient quantities of free 
oxygen. Molecules more complex than those of carbon-dioxide 


1 A calorie (c.) is the heat required to raise 1 gram of water 1°C. in tempera- 
ture; a great calorie (C.) is the heat required to raise 1000 gr. (1 Kilo) of water 1°C. 

2 Rechenberg, C. von. Ueber die Verbrennungswarme organischer Vei- 
bindungen, /naug. Diss. Leipzig, 1880. See also Pembry, M. L., on Animal 
Heat, Schifer’s Zext-Book of Physiology, vol. i (1898). Here the literature is 
fully given. 


2 of Ce = 72 / 
of Hy = 
of Wy = 96 | 
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and water, though simpler than sugar, may be formed from 
sugar without free oxygen or with free oxygen in smaller 
proportions than 6:1. Complete oxidation (normal respiration) 
yields the largest amount of energy possible ; less profound 
changes yield less energy. Thus the decomposition of sugar 
by yeasts, according to the following reaction, which represents 
only in simplest terms the nature of the chemical changes, 


Ce6H120¢6 = 2 C2 He O + 2 COz, 


forming without oxygen two molecules of alcohol and two of 
carbon-dioxide from one molecule of dextrose, yields only 67 
calories per gram-molecule.! 

The decomposition of one molecule of dextrose into one 
molecule of butyric acid, two of carbon-dioxide, and two of 
hydrogen, which is accomplished by a considerable number of 
species of bacteria, and may be represented by this reaction, 


CeH120¢ = C, He O2 + 2COz + 2 He, 
yields about 75 calories per gram-molecule.? 
Bacteria forming acetic acid, acting on dilute solutions of 


ethyl alcoho] in the presence of free oxygen, partially oxidize 
the alcohol and decompose it into acetic acid and water, thus: 


+ O2 = C2 H, + 


liberating 125 calories ;? but if the alcohol were completely 
oxidized, as in ordinary combustion, the reaction would be 


+ 3 = 2CO,2 + 3 H.O, 


and the heat liberated would be nearly three times as much, 
about 325 calories per gram-molecule. 

In these figures we have indices of the relative values of 
complete and incomplete oxidations, and of oxidations and 
decompositions, as sources of energy in the form of heat. 
These figures are indices, to be trusted only so far as relative, 
not exactly proportional, values are concerned. The chemist 
can control all the conditions under which he makes a 


1 Rechenberg, Joc. cit., p. 66. 2 Rechenberg, /oc. cit., p. 67. 
8 Quoted from Berthelot in Biedermann’s Chemiker-Kalender for 1897, p. 193 
of the Beilage. 
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combustion in his laboratory and determines the number of heat 
units liberated ; he can so regulate the process that there shall 
be no by-products, and that no other compounds are included 
in the reaction than those upon which he has determined to 
experiment. In the plant, on the contrary, other substances 
than dextrose may become oxidized, or the oxidation may be 
incomplete. In the laboratory one can deal with measured 
quantities of isolated substances ; in the living organism indefi- 
nitely known quantities of many substances together are acted 
upon. Animal physiologists have done much more in this 
direction than have plant physiologists. The higher animals 
are better suited to such studies than are plants. The rela- 
tively high body-temperatures of warm-blooded animals permit 
direct temperature determinations from weighed quantities of 
known foods eaten, as well as calculations from the amounts of 
oxygen needed to effect combustions or decompositions. The 
animal physiologist can check the results obtained by one 
method with those reached through other methods. The 
results obtained by animal physiologists indicate that only about 


95% of the calculated yield of energy from oxidation! appears 
as heat. So we must regard these figures as somewhat too 
high, but their suggestive value is great, whatever must be 
admitted as to their exact numerical value. 


The larger organisms demand for the normal execution of their 
functions more energy than can be supplied by the rearrange- 
ment of the component atoms of the molecules always at 
hand. They must oxidize these molecules, and the more com- 
plete the oxidation, the greater the amount of energy liberated. 
Some of the smaller organisms supply themselves with adequate 
amounts of energy by the destruction of complex compounds 
within their own living cells. Probably some of the cells of all 
large multicellular organisms have recourse, at times at least, 
to the same means of securing needed energy, and when free 
oxygen is not obtainable, the majority of organisms can con- 
tinue living for a time by so doing. From this the general 
inference may safely be drawn that the ability to obtain needed 
energy by the destruction of complex substances in the cells 


1 See Pembry in Schiafer’s Physiology, vol. i, pp. 836, 837. 
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is inherent in all organisms, that in the majority of organisms 
and of their component cells this power is little needed and 
hence is practically undeveloped ; but that, owing to the posi- 
tion of some cells deep in the tissues of many organisms and 
to the peculiar habits of some of the lowest organisms, these 
are obliged to obtain energy in this way and have developed 
their inherent power to a high degree. 

Intramolecular respiration is the name given to this mode of 
respiration, a term not explicitly descriptive and therefore not 
entirely satisfactory. The German term Spaltungsathmung is 
in this regard more satisfactory, but it is not concisely translat- 
able. Ordinary respiration is physiological oxidation or physi- 
ological combustion or aérobic respiration. It is dependent 
upon free oxygen and yields needed kinetic energy only by 
the union of free oxygen with combustible substances. Intra- 
molecular respiration is physiological simplification of complex 
compounds or physiological rearrangement of atoms or anaé- 
robic respiration. It takes place only when free oxygen is 
present in small quantity or is altogether absent. The results 
of the two processes are the same in kind — the liberation of 
the kinetic energy needed to continue living — but, as the 
figures quoted above show, not the same in degree. 

Intramolecular respiration was first observed somewhat more 
than a hundred years ago by Rollo,! but only within the last 
few years has the connection between intramolecular and ordi- 
nary respiration been clearly demonstrated. Pasteur and other 
bacteriologists have contributed quite as much as animal and 
plant physiologists to our present knowledge of respiration. 
Pasteur and his followers have shown the peculiar habit of a 
large number of microérganisms of being active only when 
free oxygen is absent. When free oxygen is present, they 
are inactive, though they may remain alive. There is a chain 
of allied process: first, physiological respiration, or what may 
be called intramolecular respiration, the normal respiration 
of most organisms; second, physiological rearrangement of 
atoms into simpler molecules, intramolecular respiration, the 
mode of respiration to which many cells and even organisms 


1 Rollo. Annales de Chimie, t. 25, 1798. 
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have recourse under stress of circumstances ; ¢hird, physiologi- 
cal rearrangement of atoms into simpler molecules, also intra- 
molecular respiration, but the anaérobic normal respiration of 
a comparatively small number of invariably low organisms. 

From experiments hitherto conducted, it would seem that 
the germinating seeds are better able to survive without a 
copious supply of oxygen than are the other parts of higher 
plants. This is what, a priori, might be expected, for the 
embryo in the seed, when it becomes active in germination, is 
a very vigorous organism, usually well supplied with just such 
foods as may be readily broken down into simpler compounds. 
The seeds of pea, for example, stimulated to germinate by being 
soaked for twelve to fifteen hours in water at room tempera- 
ture, will continue to respire actively for forty-eight hours or 
more, even in a vacuum, producing carbon-dioxide in nearly the 
same quantity as under the same conditions of temperature, etc., 
in ordinary air. Of course some air containing free oxygen 
will be carried into the vacuum by the peas, but this will very 
soon be entirely exhausted in normal respiration. The con- 
tinued supply of energy must be obtained by intramolecular 
respiration. Comparative investigations show that different 
plants and different organs vary considerably in their ability 
to substitute under stress intramolecular for normal respiration, 
and that in very few of the higher plants is intramolecular 
respiration, as measured by the yield in carbon-dioxide, so 
effective as normal respiration. 

For all higher plants prolonged intramolecular respiration 
is impossible. To what this is due is not wholly clear. The 
substances first attacked in intramolecular respiration are the 
same as in normal respiration, z.e., the sugars, starches (after 
conversion into sugar), and the fats and oils. Later the 
proteid substances enclosed in the cell, and finally the living 
substance itself, are decomposed to supply needed energy. 
Whether the cessation of intramolecular respiration in experi- 
ments upon higher plants, and the consequent death of the 
organism, are due to the destruction of part cf the living 
substance, or to the production in the cells of poisonous sub- 
stances, cannot now be determined. Certain it is that for 
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higher organisms intramolecular respiration is a function very 
limited in importance, taking place only when there is continued 
need of energy in the absence of free oxygen, and capable of being 
maintained for comparatively brief periods only. Like normal 
respiration, it is carried on solely by the living protoplasm, more 
or less actively according to the greater or lesser activity of the 
protoplasm. The substances decomposed are like those oxidized 
in normal respiration and differ in different species of plants. 
The products differ according to the plant, the conditions under 
which it acts, and the substances acted upon. 

Alcohol may be produced in considerable amount. This 
suggeststhat in both fermentation and intramolecular respiration 
(if one may separate the two processes, for the former certainly 
includes the latter as well as nutrition) much of the chemical 
work may be done by enzymes produced by the respiring 
organism. Organic compounds and small quantities of many 
others may also be formed. In germinating peas, the alcohol 
produced may equal as much as 5% the weight of the moist 
seeds, enough to give some support to the idea expressed above, 
that the accumulation of the poisonous products of intra- 
molecular respiration, as in fermentation, may cause the ces- 
sation of respiration and the death of the organism. 

Between those plants for which aérobic respiration is indis- 
pensable to normally active life, and for which anaérobic respi- 
ration is only a means of maintaining life over unfavorable 
periods, and those for which anaérobic respiration is similarly 
and equally indispensable, there are all connecting stages. 
These are found among the lower plants, especially the fungi ; 
but, as before stated, in all large multicellular organisms, espe- 
cially among animals, there are probably cells, lying deep in 
the tissues, which are forced, by the positions they occupy, to 
supply themselves with needed kinetic energy by the same 
means as the anaérobic organisms, 7.¢., by decomposing the 
complex compounds which they contain. Thereare then cells, 
as well as organisms, which are obligate aérobic, facultative 
aérobic, or obligate anaérobic. Obligate anaérobic cells and 
organisms live where the access of free oxygen is impossible or 
difficult and inadequate; for example, deep in living tissues, 
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either as component parts of these tissues or as parasites or 
saprophytes therein ; in the deeper layers of compact soils, in 
the mud of swamps and marshes, and in the ooze below bodies 
of comparatively still water, fresh and salt. 

As in aérobic, so also in anaérobic respiration, other proc- 
esses take place simultaneously with it. These, if not directly 
caused by respiration, are at all events maintained by the 
energy liberated in respiration and are so closely connected 
with it that to distinguish between the chemical products of 
respiration and those of the processes accompanying it, is a 
matter extremely difficult and still only imperfectly accom- 
plished. Fermentation, decay, and disease at least accompany, 
if they are not actually a part of, the respiratory processes of 
certain low plants. Respiration, anaérobic as well as aérobic, 
is a function of the living protoplasm, which acts upon sub- 
stances enclosed within its own body, producing simpler 
substances of which some remain in the respiring cell while 
others diffuse out of it. Some of the latter are chemically 
inactive, like carbon-dioxide and alcohol; others may act on 
substances outside the cell. In higher animals and plants the 
enzymes (¢.g., pepsin, diastase, etc.) are produced in connec- 
tion with the process of nutrition, converting the substances 
upon which they act into available food compounds; but it is 
also certain that, among the enzymes produced, there are some 
which bring about such changes in the surrounding substances 
that these become available as sources of kinetic energy. 

The diastase formed in the germinating seed, dissolving the 
starch deposited in the seed as a reserve food and converting it 
into sugar, makes the reserve food available for at least three 
purposes : first, for the construction of nitrogenous compounds 
(amides and proteids); second, for the formation of cell-wall 
(cellulose); ¢hzvd, for the liberation of energy by respiration. 
The production and action of this enzyme furnishes material 
for respiration, nutrition, and growth. The enzymes formed 
by lower plants are also useful in more than one way, not the 
least important use being the conversion of irrespirable into 
respirable substances. 
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ON THE SWARMING AND VARIATION IN A 
MYRIAPOD (FONTARIA VIRGINIENSIS). 


ABRAM VARDIMAN MAUCK.! 


Durine August, 1898, a swarm of myriapods (Foutaria vir- 
giniensis) made its appearance in the fields and woods south 
of the Indiana University Biological Station at Vawter Park. 
They became conspicuous objects in a roadway which they 
were crossing, every square foot of which held one or more 
individuals. Their migration was noticed during the early 
hours of several days, the swarm going in a northerly direction 
towards the lake, a little over 100 feet away. No further 
attempt was made to trace the migration. A few days after 
the appearance of the swarm all traces of it had vanished. 
Thirteen hundred and nine individuals were preserved for 
purposes of statistical study. 

Other swarms of myriapods have been reported, and are com- 
parable with the swarms of the Palolo worm during its breeding 
season. Bollman, Bull. U.S. Nat. Mus., No. 46, p. 75, 1893, 
records the migration and swarming of the same species noted 
by the author. He says: “ At Donaldson, Arkansas, the adults 
were found crawling on the ground in company with a large 
number of their young, probably one adult to 500 or 800 
young, then (July 11, 1887) about half grewn.”’ 

Verhoeff (Zool. Anzeiger, Bd. XXIII, p. 465) gives a detailed 
account of the migration of Brachyiulus unilineatus in such 
numbers in the Hungarian district of Alféld that the railroad 
track became so slippery, owing to the countless numbers 
crushed by the wheels, that a train was not able to proceed, 
though the rails were sanded. 

The specimens seen at Vawter Park were all adults and all 
about the same size. Of twenty females examined, thirteen 
contained eggs, about 432 in number, the eggs measuring 0.5 

1 Contribution from the Zodlogical Laboratory of Indiana University, No. 42. 
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mm. in diameter. These facts would indicate that August was 
the breeding time of Fontaria virginiensis, some of the females 
having deposited their eggs, while others still retained theirs. 

Of the total number collected, 622, or 47.5171%, are males, 
and 687, or 52.4828%, are females. Over 100 each of the males 
and females were studied with the view of determining the 
occurrence of variations; first, in regard to the number of 
the segments of the body; second, in regard to the number 
and bilateral symmetry of the legs; third, in regard to the 
number of segments in the antenne. 

First, the number of segments was found to be twenty, 
with no variation whatever from this number; second, the 
pairs of legs were thirty in the male and thirty-one in the 
female, with no variations; as far as the number of legs was 
concerned there was perfect bilateral symmetry; third, the 
antennz contain seven segments, and no variation from this 
number was found. 
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SYNOPSES OF NORTH-AMERICAN 
INVERTEBRATES. 


XV. THE HOLOTHURIOIDEA. 
HUBERT LYMAN CLARK. 


TueE holothurians form a sharply defined group of marine 
invertebrates, especially abundant in the tropics but well repre- 
sented in both temperate and polar seas. About six hundred 
species are known, varying in size from ten millimeters to 
almost a meter in length, and some of the largest species are 
thirty or forty centimeters in circumference. The colors vary 
greatly but generally are not brilliant, some shade of brown 
or gray being the most frequent. Red, however, of various 
shades is not rare, and green and yellow are also not infrequent. 
Wholly black or white forms are not uncommon. The shape 
is often worm-like but is more commonly broader and thicker, 
often resembling a cucumber, so that the name “sea cucum- 
bers” is frequently given to the group. They are found at all 
depths, from high-water mark to the bottom of abysses 2900 
fathoms from the surface. They are generally sluggish in 
their movements, and very few forms have any means of rapid 
locomotion. They feed almost wholly on the organic matter 
tound in the mud or sand where they live, though a few species 
found among rocks seem to feed upon organic matter growing 
on the rocks or brought to them in the water. Some species, 
especially the large ones, live on the bottom where it is muddy 
or sandy, creeping about very slowly and apparently molested by 
few enemies. Others, especially the footless forms, live buried 
in the mud or sand, where they burrow by means of their ten- 
tacles and muscular movements of the body wall. Still others 
occur under or among rocks, often snugly stowed away in some 
hole or crevice, where they seem to be permanently settled and 
whence they can only be dislodged by breaking the rock. 
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Holothurians are easily distinguished from any other inver- 
tebrates by the anterior and usually terminal mouth, with a 
circumoral ring of tentacles, and their curious combination of 
radial and bilateral symmetry. Although the bilateral sym- 
metry seems usually to predominate, there are always five 
prominent longitudinal muscles accompanied by nerve strands 
and vessels of one or more sorts. The body wall is soft or 


Fics. 1-4. 
1. Trochostoma boreale (Sars). Nat. size. 3. Psolus chitonoides Clark. Nat. size. 
2. Caudina arenata (Sould). Nat. size. 4. Psolus phantapus (Struss.). 4 nat. size. 


leathery, and generally contains calcareous particles in greater 
or less abundance. These particles are usually microscopic 
but are occasionally in the form of large plates several milli- 
meters across. Their size, shape, and arrangement differ to 
an extraordinary degree in the various genera and species, and 
they form one of the most satisfactory means of identification. 
In their simplest condition these calcareous deposits take the 
form of very minute, more or less irregular grains known as 
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miliary granules, or somewhat larger straight or curved reds, 
which are often widened and perforated at the end. These 
rods are almost invariably present in the pedicels, papilla, and 
tentacles, and are then known as supporting rods. In other 
parts of the body wall they often are more or less irregularly 
and profusely branched and then form rosettes (Fig. 26). 
Sometimes the deposits are flat, thin, and wide, and are called 
plates, which may be perforated with smooth-edged holes 
(Fig. 19), or the holes may have teeth on the edges (Fig. 13). 
If a perforated plate has a projection rising perpendicularly from 
the middle, made up of several rods more or less joined together, 
it is called a table (Figs. 15-17, 23-25); the perforated plate 
being called the azsk and the projection the spzve. Sometimes 
tables occur with the disk reduced or wholly wanting, and 
sometimes the spire is greatly reduced. Very often the per- 
forated plates are oval or elliptical in shape, with the perfora- 
tions regularly arranged in pairs, and they are then called 
buttons (Fig. 27); these may be smooth, knobbed, or spiny. 
Quite often the calcareous particles assume the shape of some 
familiar object, from which they receive names; as anchors 
(Fig. 12), wheels (Fig. 14), cups (Figs. 20-22), etc. In a few 
species these calcareous deposits seem to be wholly wanting ; 
in some they are confined to special regions of the body ; in 
many, two or more different kinds are found, usually in 
separate layers of the body wall; and in a few they are so 
abundant, or so large and close together, as to make the body 
wall stiff, and sometimes firm, or even rigid. Beside these 
colorless calcareous deposits, we find in a few genera (Trocho- 
stoma and its allies) reddish-brown or claret-colored concretions 
(Fig. 18), which are often so abundant as to give their color to 
the whole animal, or at least to large spots and patches. In 
such species the calcareous deposits themselves are often 
deeply tinged with the same coloring matter as the concretions, 
but usually they are free from it. In a few genera prominent 
tooth-like bits of lime, usually five in number, are grouped 
around the anus. These are called anal teeth. 

Around the cesophagus is a ring made up of plates of lime, 
known as the calcareous ring. There are usually ten of these 
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plates; five serve as points of attachment for the radial muscles 
and are called radial pieces, while the five which alternate with 
them are called interradial. The size and shape of these 
pieces differ greatly, the most important difference being 
whether they have posterior prolongations (Fig. 7) or not 
(Fig. 8). The tentacles around the mouth vary greatly in 
number and appearance. There are usually ten or twenty, but 
species are known which have normally eight, eleven, twelve, 
fifteen, eighteen, and twenty-five, and in individual cases the 
number runs up to thirty. In some species the number is very 
constant, and individual diversity is quite rare ; while in other 
species the amount of diversity is extraordinary, ranging in 
some species of Holothuria which have normally twenty tenta- 
cles, from twelve to twenty-nine. In appearance the tentacles 
may be simple, finger-like, and unbranched, but this condition 
is very uncommon. Usually each tentacle has several to many 
branches ; when these all arise in a tuft from near or at the 
tip and are more or less subdivided, the tentacle is called 
peltate (Fig. 10); when the branches occur regularly along the 
sides in two opposite series and without subdivisions, the ten- 
tacle is pznnate, or, if the branches are very few and all arise 
from the tip, digztate (Fig. 11); when the branches are sub- 
divided and irregularly arranged the tentacle is said to be 
dendroid (Fig. 9). In some species these tentacles are used 
for locomotion, but they are more commonly used as feelers 
and to carry food to the mouth. Locomotion is generally 
accomplished by means of ambulacral- or tube-feet, as in the 
other echinoderms. These feet, when present, may be 
arranged in regular rows along the five radii (ambulacra), or 
scattered more or less irregularly over the whole body surface. 
Frequently those on the upper side of the animal are very 
different in size, appearance, and structure from those on the 
under or ventral side, and no longer serve for locomotion, the 
terminal sucking disk being generally absent. They are then 
called papille, the true-feet being pedicels. Rarely, all the 
tube-feet are papilla and no pedicels normally occur. The 
papillze are often situated on warts or tubercles, and these are 
sometimes of considerable size. The pedicels are frequently 
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confined to the ventral surface and are there often arranged in 
three broad longitudinal series. Many holothurians have a 
pair of long, much-branched outgrowths of the wall of the 
cloaca lying in the body cavity, one on each side of the intes- 
tine. These serve for excretion, and perhaps for respiration, 
and are called the respiratory trees. Their presence or absence 
is of importance in classification. The stomach and anterior 


FIGs. 5-11. 
. A radial and interradial piece of the calcareous ring of Synapta inherens (O. F. Miill.). x 45. 
. The same of Synapta roseola (Verr.). xX 45. 
. A radial and two interradial pieces of a “‘calcareous ring with posterior prolongations.” 
Thyone briareus (Less.). x 3. 
. The same of a “ calcareous ring without posterior prolongations.”” Thyone suspecta Ludw. x 3. 
. Adendroid tentacle. Cucumaria punctata Ludw. x 3. 
A peltate tentacle. Holothuria surinamensis Ludw. x 3. 
11. A digitate tentacle. Tvrochostoma boreale (Sars). x 5. 


portion of the intestine are held in position by a thin membrane 
attached to the body wall in the mid-dorsal line, and called the 
dorsal mesentery. In this lies the genital duct, and the geni- 
tal glands lie in groups or tufts either on one or both sides 
of it. In some holothurians the long radial muscles are divided 
ant: “orly, one-half continuing attached to the body wall and 
serv g merely as a longitudinal muscle, while the other is free 
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from the body wall and is attached at the end to the radial 
piece of the calcareous ring. By their contraction these five 
muscles serve to draw the tentacles and whole anterior end of 
the animal back into the body cavity for protection, and they 
are therefore called the retractor muscles. 

Owing to the fact that the early describers of holothurians 
paid little attention to internal characters, and none whatever 
to the microscopic deposits in the skin, it is difficult, if not 
impossible, to determine from one of their descriptions what 
species is meant. Even within the past forty or fifty years so 
much importance has been attached to those characters in 
which there is the greatest individual diversity (size, shape, 
color, number of tentacles, arrangement of pedicels, etc.) that 
the same species has been described under a number of dif- 
ferent names. Many of our common species have two or three 
synonyms, some have four or five, and one has no less than 
eleven! As very few types of the species described by the 
earlier writers are now in existence, the untangling of this 
snarl of synonyms is no easy task. No less than eighty-eight 
different specific names have been given to holothurians from 
the shallow waters of North America; but these seem to be 
reducible to at most forty-seven valid species, and very probably 
the correct number now known is under forty-five. Since 
many of the names in most common use in this country are 
incorrect, they will be looked for in vain in this key. In order 
that such forms may be properly placed, the following list of 
synonyms is given. It is not intended as a complete synonymy 
of the species given in the key, but is simply an alphabetical 
list of names incorrectly applied, or no longer in use by the 
best authorities. 

There are a number of such generic names, as follows : 

Aciinopyga Brown = Miilleria of the key. 
Anaperus Troschel = Thyone 
Botryodactyla Ayres = Cucumaria 
Cladodactyla Brandt = Cucumaria 

Cuvieria Peron (??) = Psolus 

Embolus Selenka = Trochostoma 
Echinosoma Semper = Eupyrgus 
Leptosynapta Verrill = Synapta 
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Liosoma Brandt Chiridota of the key 
Liosoma Stimpson Trochostoma 
Lophothuria Verrill = Psolus 
Ocnus Forbes = Cucumaria 
Pentacta Jager = Cucumaria 
Pentamera Ayres = Thyone 
Sclerodactyla Ayres = Thyone 
Semperia Lampert = Cucumaria 
Stereoderma Ayres = Thyone 
Synaptula Oerstedt = Synapta 
Thyonella Verrill = Thyone 
Trochinus Ayres = Chiridota 


Below are the specific names the use of which is no longer 


correct : 


affinis (Botryodactyla) Ayres = Cucumaria frondosa of the key. 
albicans (Synapta) Selenka = Synapta inherens 
albida (Cladodactyla) Brandt = Cucumaria populifer 
albida (Cucumaria) Ludwig = Cucumaria populifer 
ayresit (Ocnus) Stimpson = Cucumaria minuta 
ayrestt (Synapta) Selenka = Synapta inherens 
botellus (Holothuria) Selenka = Holothuria impatiens 
brevis (Chiridota) Huxley = Myriotrochus rinkit 
carolina (Thyone) Selenka = Thyone briareus 
cigaro (Thyone) T-oschel = Thyone briareus 
hispidum (Echinosoma) Semper = Eupyrgus scaber 
levigatus (Psolus) Ayres = Psolus phantapus 
musculosum (Thyonidium) Ayres = Thyone elongata se 66 
partim Zrochostoma boreale of the 
key. 
oolitica (Molpadia) Selenka Prise Trochostoma ooliticum of 
the key. 
pallidus (Trochinus) Ayres = Chiridota levis of the key. 
pauper (Embolus) Selenka = Trochostomaooliticum“ “ % 
pellucida (Synapta) = Synapta inherens 
Cladodactyla Brandt 
pentacta + Holothuria O. F ; =Cucumaria frondosa 
Miiller 
piperata (Pentacta) Stimpson = Cucumaria nigricans 
pourtalesit (Synapta) Selenka = Synapta vivipara 
punctata (Orcula) Agassiz = Orcula barthii 
Jallax (Cucumaria) Ludwig = Cucumaria miniata 
Jtoridana (Holothuria) Pourtales =.Holothuria atra 
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Susiformis (Cucumaria) Desor = Thyone unisemita of the key 
Jusus (Thyone) Verrill = Thyone scabra 
girardii (Synapta) Pourtales = Synapta inherens 
glabrum (Thyonidium) Ayres = hyone briareus 
gracilis (Synapta) Selenka = Synapta inherens wb 
grandis (Botryodactyla) Ayres = Cucumaria frondosa “ “ «& 
granulatus (Psolus) Ayres = Psolus regalis TL 
sitchense (Liosoma) Brandt = Chiridota discolor 
sttchensis (Cuvieria) Brandt = Psolus fabricit ee 
tenella (Thyone) Selenka = Thyone briareus 66 
tenuis (Synapta) Ayres = Synapta inherens ga 
tigillum (Chiridota) Selenka = Chiridota levis 
turgidum (Molpadia) Verrill = Trochostoma boreale 
typicum (Chiridota) Selenka = Chiridota levis 
viridis (Synapta) Pourtales = Synapta vivipara eee 


The following species are so very poorly described and so 
little known it is impossible even to assign them as synonyms: 


Holothuria tentaculata Forster, Synapta bachet Ayres. 


The artificial key given on pp. 487, 488 is intended to include 
and make possible the identification of every known species of 
holothurian which occurs on the coasts of America, north of 
Mexico, in less than 100 fathoms of water. There are a few 
species which probably occur within these limits (as they have 
been taken just outside), but they are not included in this key. 
The holothurians of Florida and the Gulf coast and those of 
the Pacific coast are almost unknown, and the geographical 
range of even our most common species is very imperfectly 
known. It has therefore been thought best to give as exactly 
as possible the localities where the various species have been 
taken. There are five species included in the key which are 
new to science and the descriptions of which have not yet been 
published ; but descriptions and figures are now in press of 
two of these forms, which were collected in Puget Sound in 
1896 and 1897 by the zodlogists of Columbia University. 
These are Psolus chitonoides Clark and Cucumaria lubrica 
Clark. The third species is Cucumaria curata Cowles, also 
from the Pacific coast. Mr. H. P. Cowles is now engaged in a 
study of the life history of this species, and in advance of his 
own publication he has very kindly given me the name he has 
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ARTIFICIAL KEY TO THE GENERA OF NORTH-AMERICAN HOLOTHURIANS. 


Without pedicels or papillz 


Without respiratory trees 
(Synaptidz) 


With respiratory trees 
(Molpadiidz) 


( Calcareous deposits in skin, consisting of anchors and plates 


Calcareous deposits in skin, wheels with 6 spokes (Fig. 14), col- 
Calcareous deposits in skin, scattered wheels with about 19 


, Tentacles simple, unbranched; calcareous ring without pos- 


{ Caudal portion of body short, 
abrupt (Fig. 1); calcareous 
deposits, when present, more or 
less imperfect tables, reddish- 


Tent digitate (Fig. ; a 
ee © brown ellipses, or both . . . Trochostoma 


calcareous ring with pos- ¢ 


teri 1 ti 
ee ae Caudal portion of body long, 


tapering (Fig. 2); calcareous 
deposits, perforated disks or 
tables with a narrow spire. . Caudina 
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adopted and the diagnostic characters of this interesting little 
holothurian. The remaining two species are very curious and 
noteworthy ones from the coast of California, collected during 
the summer of 1900 by Mr. Benjamin Thomas. They are 
Thyone rubra Clark and Thyonepsolus nutrians Clark. Descrip- 
tions of these two species are now in press. Each of these 
five species bears at present only a xomen nudum, but it has 
seemed best to include them, nevertheless, in order to make 
the key as complete as possible. 


KEY TO THE SPECIES UNDER EACH GENUS. 


Synapta. 


( Viviparous; 100 mm. long; reddish-brown or 
greenish, flecked with white; lives in seaweed 
S. vivipara (Oerst.) 
Radial pieces of cal- Biscayne Bay, Florida; Bermuda, Jamaica; Brazil. 
careous ring perfo- 
rated for passage + 
of the nerve. 
(Fig. 5) 


Not viviparous; larger, 250 mm.; white, yel- 

lowish, or pale pinkish; lives buried in sand 

ormud ..... . . S.inhevrens (O. F. Miill.) 

Widely distributed in Northern Hemispl.ere; Maine to South 
Carolina in Western Atlantic; Puget Sound, southward on 
Pacific coast. Also Mediterranean, Eastern Atlantic, North Sea, 
and Arctic Ocean. 


Radial pieces of calcareous ring, not perforated but merely notched 
(Fig. 6); roomm.; rosyred. . . . . « S. voseola (Verr.) 


Occurs under loose rocks or buried in the sand. Southern side of Cape Cod, Buzzards 
Bay, Long Island Sound, and Bermuda. 


Chiridota. 


Wheel papillz very numerous, scattered over all the interambulacra ; 
besides wheels there are many small slightly curved rods _ C. rotifera (Poutt.) 


Viviparous; 100 mm. long; deep flesh color, wheel papilla white; under stones and 
loose rocks, and in sand; Key West, Biscayne Bay, Bermuda, Jamaica, and Brazil. 


Wheel papillz in rows of 20-30 in each dorsal interambulacrum and 
3-12 in each ventral one; North Atlantic coast . . . C. daevis (Fabr.) 


Wheel papillz in only three interambulacra; Alaskan species C. discolor Esch. 


These last two species are practically indistinguishable, and further study will probably 
show them to be identical. Occur under rocks, or in sand or mud in comparatively shallow 
water; may reach a considerable size; color very variable, from gray to pink. 
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Small, 50-60 mm. ; blackish or dusky; tentacles light . 


Circumpolar ; 
300 fathoms deep. 


Very small, 10 mm.; grayish 
Labrador, Greenland, Spitzbergen, Kara Sea. 


on muddy bottom. 


THE AMERICAN NATURALIST. 


northeastern America as far south as Labrador. 
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Myriotrochus. 


M. rinkii Steens. 


Occurs in water not over 


Eupyrgus. 


EB. Scaber tk. 
At aie of 4-240 fathoms, generally 


Trochostoma (Fig. 1). 


Deposits wanting; integument smooth and leathery; body spindle- 
shaped, 100 mm.; yellowish or reddish-white with reddish-brown 


patches 


T. arenicola Stimp. 


Coast of southern California. 


Deposits, reddish- 
brown, concentric 
eilipses (Fig. 18) 
usually in such 
quantities as 
give part or all of 
the animal a dark 
red color; skin 
grayish. 


Medium size, 
narrow tail 


to 4 


50-100 mm. ; 


( With colorless calcareous tables, more or less 
imperfect (Fig. 17), in addition to the ellipses 
T. boreale (Sars) 
An Arctic species, reported from the coast of Florida, Lesser 
Antilles, and Maine. Verrill’s Molpadia turgidum, probably 
this species, was taken at varicus points on the New England 
coast up to the Gulf of St. Lawrence, in 40-100 fathoms. 


Without tables 


Boston, Block Island, Boon Island. Very possibly identical 
| with the preceding. 


I. ooliticum (Pourt.) 


Caudina (Fig. 2). 


about one-third consisting of the long, 
C. arenata (Gould) 


New England coast, Revere Beach, Grand Manan (?), Chelsea, and Vineyard Sound. 
Occurs buried in the sand in shallow water. 


Body subcylindrical ; 
anal region elon- 
gatedly conical 
caudiform; _pedi- 
cels in three 
complete rows on 
ventral surface 


(Fig. 4). 


Psolus (Figs. 3 and 4). 


( Dorsal perisome without large plates; with 
numerous minute apap plates and round 
granules mae P. regalis Verrill 
Banks of Newfoundland, in thirty fathoms, 


Dorsal perisome with large granulated scales, 
imbricated P. phantapus (Struss.) 


North Atlantic and Arctic oceans; on American coast as far 


south as Massachusetts ; occurs from low water to 130 fathoms. 
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Fics. 12-18. 


. Anchor of Synapta inherens (O. F. Miill.). x 225. 


13. 
14. 
15. 
16, 
17. 
18. 


Body depressed oval, 
chiton-shaped 
(Fig. 3); anal re- 
gionnot prolonged; 


pedicels forming 


complete rows 


only on sides of 


ventral surface; 


dorsal surface cov- 


ered with large 
imbricated scales; 
color generally 
some shade of 
orange or red. 


Plate of the same species. 
Wheel of Chiridota rotifera (Pourt.). 
Table of Caudina arenata (Gould). 

The same; 3een from the side. 
Table of Trochostoma boreaée (Sars). 
Reddish-biown deposits of Trochostoma boreale (Sars). 


X 225. 

225. 
Seen from above. 
X 105. 


105. 


X 105. 
X 105. 


( Dorsal scales with fine granulations; sole with 
scattered, irregular, reticulate plates; 130 mm. 
P. squamatus (D. & K.) 
North Atlantic; common on New England coast in shallow 
water. Pacific Grove, Cal. (?) 


Dorsal scales with coarse granules; sole with 
reticulate cups or spheres P. fabricii (D. & K.) 
Smaller than preceding, but possibly identical with it; eastern 

North America from Massachusetts to Greenland; also on 

Alaskan coast. 


Dorsal scales, without evident granules; sole 
with crowded knobbed, perforated plates; 
65 mm. . P. chitonoides Clark 


Puget Sound. 


Thyonepsolus. 


Size small, 20 mm. long by 8 wide; red; deposits, reticulated cups and 
very irregular perforated plates; carries the young on the back. 


On rocks along shore at Pacific Grove, Cal. 


T. nutrians Clark 
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Pedicels scattered 
more or less on the 
interambulacra. 
See also C. miniata 

in the next section. 


Pedicels present 
only on the ambu- 


lacra, and there 4 


generally in one 
or two rows. 


4 
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Cucumaria. 


Size large, up to 600 mm.; deposits, when present, 
irregular smooth perforated plates C. frondosa (Gun.) 
Brown ; practically circumpolar; on Atlantic coast of America 
south to Florida ; on Pacific coast, to Lower California (?). 


Size small, 40-50 mm.; deposits, irregular 
knobbed buttons, sometimes with four symmet- 
rically placed holes, but more often with several 
scattered ones . . . BE Clark 


Pale brownish gray; Puget Sound. 


Size very small, 15-20 mm.; deposits rather 

thick, smooth buttons, with from 1-9 holes 

and, in the ventral wall, a few much larger 

plates with much larger holes . . C. curata Cowles 

Black; “eggs laid and cared for by mother; brooded under 
ventral surface.” “Pacific Grove, Cal., and possibly in region 
near San Francisco.” 


Deposits minute, reticulate cups and roundish or 
oval buttons with four holes C. quinguesemita Sel. 
Mendocino, Cal. (Other specimens were labeled “ Charleston,” 

but this is probably a mistake.) 

Deposits scattered irregular perforated plates, 
with one end drawn out as a spire or dentate 
Yellowish (white in alcohol) with brown spots; 80 mm. 

Mendocino and Pacific Grove, Cal. 

Deposits polygonal plates with 25-40 holes and 
acentral sharp spine. . . . -C. populifer (Stimp.) 
130 mm.; Sitka and Puget Sound. 

Deposits an inner layer of narrow oblong plates 
with two or three rows of holes and an outer 
layer of tables . . . . . . .C. calcigera (Stimp.) 
120 mm.; Massachusetts, Labrador, Greenland, and Arctic 

Ocean. Pacific Grove, Cal. 

Deposits irregular spinous rods or spicules 

C. nigricans (Brandt) 
Dusky yellowish-brown ; 60 mm.; Sitka and Puget Sound. 

Deposits a very crowded inner layer of hollow 
fenestrated ellipses and an outer layer of small 
reticulate cups or spheres . . . C. chronhjelmi Théel 
White; 70 mm.; Vancouver Island and Puget Sound. Pacific 

Grove, Cal. 

Deposits roundish perforated plates . C. minuta (Fabr.) 


Clear brownish; 10 mm.; Grand Manan to Arctic Ocean. 
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Pedicels present 
only on the ambu- 


f Deposits “in numerous inseparable perforated 
layers, their true shape not fully clear” 
C. pulcherrima (Ayres) 
Eastern United States from Vineyard Sound south to South 
Carolina. This species needs a reéxamination. 


Deposits crowded, thick, knobbed buttons or 
plates with few or many perforations, and one 


lacra, and there < end drawn out into a thorny spine or process 


generally in one 
or two rows. 


C. miniata (Brandt) 
Pinkish-white; 40 mm.; Alaska and Pacific Grove, Cal. (?). 
This species is not well defined. Ludwig thinks it identical with 
C. albida Sel., but there are two species at Pacific Grove, Cal., 
one of which is apparently a/dida, and the other is clearly dis- 
tinct from it, but answers to the description of miniata. There 
are pedicels, however, on all of the interambulacra in the speci- 
| mens from Pacific Grove. 


Fics. 19-27. 


. Knobbed plate of Thyone suspecta Ludw. X 450. 

. Cup of same species; seen from without. * 450. 

. The same; seen from the side. 450. 

. The same; seen from within. % 450. 

. Table of Holothuria atra Jaeger; seen from the side. 450. 
. The disk of the same. % 450. 

. The top of the same. X 450. 

. Branched rods and rosettes of same species. * 450. 

. Buttons of Holothuria captiva Ludw. * 450. 
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Thyone. 


Deposits in body wall wanting . ..... .. . TZ briareus (Less.) 
Dark brown, almost black; 150 mm. ; in mud, Cape Cod to Texas. 

Deposits in the form of tables .. . Verrill 
Brownish; 50 mm.; coast of New England to sila Bay. 

Deposits small reticulate cups and uneven oval buttons with four holes 

T. gemmata (Poutrt.) 

Body spindle-shaped, dusky brown; North Carolina to Brazil (?). 

Deposits unperforated rods. . . . . : . . . elongata (Ayres) 
Banks of Newfoundland, in thirty fathoms; Massachusetts Bay (?). 


Deposits crowded oval buttons with four holes. . . . TZ. umisemita (Stimp.) 


Brownish-gray ; 60-75 mm.; coast of New England from Nantucket northward. 


Deposits buttons with four holes, and very numerous large complex 


Red above, whitish below; 20 mm.; viviparous; Pacific Grove, Cal. 


Orcula. 


Size medium, 65 mm.; brownish ; deposits wanting . . . O. barthit Troschel 
Labrador, Greenland, and the Arctic Ocean. 


Thyonidium. 


Size small, 15 mm.; pale yellowish; depositsfew . . . TZ. productum (Ayres) 
Eastport and Grand Manan. 


Miilleria. 


Tentacles 20; deposits tables and buttons . . . .. . . parvula Sel. 
Chestnut-brown; 50 mm.; Florida. 


Tentacles 25-30; tables and buttons wanting; deposits small branched 


Light brown mottled with darker; 300 mm.; Florida and West Indies. 


Stichopus. 


Tables with round perforated disk; no buttons .. . . . S. badionotus Sel. 
Olive green or olive brown; 200 mm.; Florida. 

Tables without disk; no buttons. . . . . . . SS. sitchensis (Brandt) 
go mm.; Alaska. The status of this species is doubtful. 


Tables with well-developed disks; numerous buttons with nine pairs of 


Brown; 300 mm.; coast of California, Puget Sound. 
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Flolothuria. 


( Deposits tables and very numerous small irreg- 

ular perforated plates .. . . . . H. atra Jager 
Dark brown, 300 mm.; widely distributed in the tropics ; 
Papille on dorsal, | florida. 


pedicels on ven- 
tral surface. Deposits tables and two kinds of perforated 


Olive brown; 70 mm.; Florida (also Zanzibar and Society 
Islands). 


Papillz on both dor- { Disk of tables with a smooth margin 
sal and ventral HT. impatiens (Forsk.) 
surfaces ; no pedi- Dark purplish or grayish, more or less blotched with darker ; 
cels; deposits } 150 mm.; very widely distributed in the warmer seas; Florida. 


tables and one 
kind of perforated Disk of tables with twelve prominent horizontal 


buttons. teethon margin... . . . . & princeps Sel. 


| Dark brown; 120 mm.; Florida. 


THE MOST IMPORTANT PAPERS DEALING WITH THE 
SHALLOW-WATER HOLOTHURIANS OF NORTH 
AMERICA ARE AS FOLLOWS. 


Ayres, W. O. Notices of Holothuriz. Proc. Bost. Soc. Nat. Hist. 
Vol. iv. 1851-54. 

BRANDT, J. F. Prodromus descriptionis animalium ab H. Mertensio 
observatorum. Fasc. i. 1835. 

CLark, H. L. The Synaptas of the New England Coast. Buxil. U.S. 
Fish Comm. 1899. 

Duncan, P. M., and SLADEN, W. P. A Memoir on the Echinoderms of 
the Arctic Sea to the West of Greenland. 1881. 

GEROULD, J. H. Anatomy and Histology of Caudina arenata. Proc. 
Bost. Soc. Nat. Hist. Vol. xxvii. 18096. 

KINGSLEY, J. S. Contributions to the Anatomy of Holothurians. Jem. 
Peabody Acad. of Sct. Vol. i, No. 5. 1881. 

LAMPERT, K. Die Seewalzen. 1885. 

Lupwic, H. Revision der Mertens-Brandt’schen Holothurien. Zeztschr. 
jf. wiss. Zool. Bd. xxxv. 1881. 

PoURTALES, L. F. On the Holothurie of the Atlantic Coast of the 
United States. Proc. Am. Ass. Adv. Sci. 5th meeting. 1851. 

SELENKA, E. Beitraége zur Anatomie und Systematik der Holothurien. 
Zettschr. f. wiss. Zool. Vol. xvii. 1867. 
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SEMPER, C. Die Holothurien. 1868. 
StTIMPSON, W. (a) Descriptions of New Species of Holothurians. Proc. 
Bost. Soc. Nat. Hist. Vol. iv. 1854. 
(4) Synopsis of the Marine Invertebrates of Grand 
Manan. 1853. 
(c) On the Crustacea and Echinoderms of the Pacific 
shores of North America. - Bost. Journ. of 
Nat. Hist. Vol. vi. 1857. 
THEEL, H. Report on the Holothurioidea. Challenger Reports. Vol. 
xiv, pt. xxxix. 1886. 
VERRILL, A. E. (@) Report on the Invertebrate Animals of Vineyard 
Sound. Report of the Comm. of Fish and 
Fisheries. 1874. 
(4) Preliminary Check-List of Marine Invertebrates of 
the Atlantic Coast from Cape Cod to the Gulf 
of St. Lawrence. 1879. 
See also 
(c) Proc. Bost. Soc. of Nat. Hist. Vol. x. 1864. 
(@) Trans. Conn. Acad. of Sct. Vol. i, pt. ii. 
1867-71. 
(@) Report of Comm. of Fish and Fisheries. 1881 
and 1883. 
(f) Proc. U. S. Nat. Museum. 1879 and 1885. 
(g) Amer. Journ. of Sci. 1879 and 1882. 


OLIVET COLLEGE, OLIVET, MICH., 
November, 1900. 
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EDITORIAL COMMENT. 


Death of Dr. Liitken. — Copenhagen advices notice the death 
of Dr. Christian Frederik Liitken, the honored Emeritus Professor 
of Zodlogy in the University at Copenhagen and one of the most 
eminent of modern zoologists. Dr. Liitken was born in 1828, and 
was seventy-three years of age at the time of his death. He is the 
author of many scientific papers, the most important being on fishes, 
and his best work being on the fishes of the open sea and the changes 
passed through in their development. The most extensive of these 
is a series called “Spolia Atlantica,” discussing the rich material 
brought in by Danish seamen. Other notable papers are on the 
lantern fishes, the flying fishes, the remoras, the sculpins, the fishes 
of Greenland, and the fresh-water fishes of Brazil. 

In all his work Dr. Liitken was extremely conservative, never 
jumping at a conclusion, and content to leave a question unsettled 
in default of adequate material to form an opinion. Thus few scien- 
tific men have had fewer errors to correct than he. 

Dr. Liitken at fifty-five is remembered as a large man with a fine 
face, hale and hearty, and one of the most genial and helpful of 
all European ichthyologists. 


School Science is the title of a new journal devoted to the interests 
of science teaching in secondary schools. it is published in Chicago, 
and edited by C. E. Linebarger, with the assistance of a number of 
science teachers scattered over the country ; and is intended by the 
editors to be conducted by and for the science teacher. 

Within the last few years, largely because of the employment of col- 
lege-trained teachers in the secondary schools, the quality of the work 
done in these schools has been vastly improved, especially in the line 
of science, and for its grade no better work is done in science to-day 
than that done in a few American high schools. To enlarge the 
field of the teachers to whom this success is due, and to widen their 
influence, is the mission of the new journal, which merits the support 
of all who see the desirability of having science scientifically taught. 


Goode Memorial Volume. — No more appropriate memorial can 
be paid a scientific man than the republication of his papers con- 
tributed to scientific societies and journals. The writings of George 
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Brown Goode relating to museums and to the development of science 
in America are among the most important issued, and the United 
States National Museum has done a real service in reprinting a 
selection of the same. (A Memorial of George Brown Goode, with a 
Selection of his Papers on Museums and on the History of Science 
in America, Ann. Rept. Smithsonian Institute, Rept. U. S. Nat’] 
Museum, Pt. Il, 515 pp., 110 pls., rgor.) 

Editorially the volume shows the faults due to inadequate care that 
are common to many of the publications of the United States National 
Museum. A few instances, taken quite at random, may be men- 
tioned: page 4, the invitation to the Memorial meeting is cited as 
part of the program, the actual program following on page 5; a 
footnote with reference to the original piace of publication should 
have been given with all of the reprinted papers ; even as given, the 
footnotes are not always accurate ; on page 459 the names of many 
scientific men appear, some as “leading spirits,” others as “rising 
men,” but it is not easy to divine why all the leading spirits should 
be indexed and all the rising men, save Powell, should be omitted 
from the index ; on the same page (459) Ordway, mentioned as leav- 
ing the ranks of science for the army, is indexed as John M., a mis- 
take for Albert; the bibliography needs revision; the titles in some 
cases are not exact; on page 490 the address “The Beginnings of 
American Science ” is recorded as delivered at the eighth anniversary 
meeting of the Biological Society of Washington, a statement at 
variance with the footnote on page 409 ; the Oceanic ichthyoiogy 
of Goode and Bean was published as Vol. XXII of the Memoirs 
of the Museum of Comparative Zoology as well as a special bulletin 
of the U. S. National Museum, but the reference to the Memoirs is 
omitted on page 496; the astronomer Tycho Brahe is indexed under 
T as Tycho Brake, an editorial oversight recalling Judge Story’s 
great mind and Lyell’s correspondent Tromso. 
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REVIEWS OF RECENT LITERATURE. 


ANTHROPOLOGY. 


General Observations on Anthropometry.' — Under the title 
“Généralités sur l’Anthropométrie,” Professor Manouvrier has 
recently published a paper which ought to be carefully read ix extenso 
by every prospective as well as actual student, and by every instruc- 
tor, in that branch of anthropology. Manouvrier, one of Broca’s 
scholars and for many years a professor and a practical teacher of 
anthropometry in the Paris School of Anthropology, is, it scarcely 
needs to be mentioned, eminently qualified to express himself on the 
subject chosen. 

The aims of the paper are, in brief, the imparting of a better 
understanding of the whole subject of measuring ; showing an urgent 
necessity for all disciples and workers in anthropometry of an ample 
preliminary biological training, and of practical apprenticeship in the 
technique of measuring, with a competent teacher ; and a warning 
against any laxity in or needless modifications of the methods of 
measuring, the use of imperfect instruments, and faults in the con- 
ception of, or conclusions from, the work undertaken. 

Accurate data are precious aids in the study of man; inaccurate 
data, gathered by incompetent observers, through the means of 
imperfect instruments, a lax or faulty technique, serve only to encum- 
ber the science with harmful material and retard its progress, and to 
discredit the whole procedure of measuring. This is not only appli- 
cab’ 9 the study of man’s physical, but also to that of his 
phys:togical and psychical characters. 

The system of measuring man or any part of the human system 
appears simple only to those of shallow understanding or superficial 
instruction. ‘ Anthropometry is a procedure of anatomical research 
as much as dissection,” and correct measuring does not require less 
instruction in anatomy or less technical experience than correct 
dissection. But the operations of anthropometry furnish a greater 
variety of conditions in which a proper judgment has to be exercised, 


1 Manouvrier, L. Revue de l’Ecole d’ Anthropologie de Paris, vol. xii (December, 


1900), pp. 413-439. 
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more errors necessary to obviate, more diversity of the manner of 
action, than dissection. “Far from being more elementary, anthro- 
pometric researches presume a preceding acquisition of knowledge 
by dissection.” 

Anthropometry is “a procedure of anatomical analysis, serving to 
make more precise the description of the innumerable variations of 
the human body.” A thorough knowledge of all these variations, 
unattainable by unaided observation, is necessary to anthropology, 
which, in the definition of the author, is “a synthetic knowledge of 
the human beings, the species, groups, categories, individuals.” In 
order that anthropometry should prove of full value and its data lend 
themselves with the greatest attainable facility to biological interpre- 
tations, it requires in practice the greatest possible precision and the 
maximum of rationality from the anatomical standpoint. 

In all his work the one who measures should have a well-defined 
aim, but be free of preconceived notions ; he should have a precise 
definition as to what is to be measured and registered, at least an 
approximative estimation of the aptness of the instruments used to 
answer the requirements, and a practical knowledge of the technique 
of his measuring; he must be able to exercise a proper individual 
discretion in connection with the various irregularities encountered, 
and capable of a correct biological interpretation of the conditions 
met and data secured. Such competencies, it is self-evident, require 
a long preliminary preparation in anatomy, physiology, and other 
branches of science, as well as a practical course in measuring. 

The best preparation for anthropometrical researches is found in 
the ensemble of medical studies; even these studies, however, 
are not sufficient until supplemented by a special anthropometric 
preparation. 

A text-book instruction in anthropometry is not sufficient ; it is 
the practical apprenticeship in the operatory technique of anthro- 
pometry which becomes more and more indispensable; this fact 
commences to be generally acknowledged. 

Unnecessary modifications of simple and good instruments or 
methods are pernicious. It is possible to conserve and progress at 
the same time. 

It is most important that ciphers obtained by one investigator 
should be comparable with those of others ; if there be any personal 
errors resulting from the technique or other causes, there results 
only an apparent comparability, which is false in some particulars 
and leads to more or less considerable errors. 
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If the one who would measure lacks in the anatomical and physio- 
logical understanding of his work and its aims, his work should be 
regulated and overseen up to its minutest details by one who has 
such qualities. 

The author ends his able paper by insisting once more upon the 
fact that “if a numerical expression of conditions, precious in all the 
sciences, can also occasionally be obtained with a sufficient accuracy 
in anatomy, respectively anthropology, it is only after a long theoreti- 


cal, doubled by a technical, preparation of the investigator.” 
A. H. 


The North Americans of Yesterday. — In an attractive volume 
Mr. F. S. Delienbaugh ' has described the Amerind race as it existed 
before the deterioration began from contact with the whites. The 
work is based upon a series of lectures delivered before the Lowell 
Institute of Boston in 1894. The author has adopted a “culture” 
rather than a “time classification ”— in accordance with the present 
teachings of anthropology. In the introductory chapter popular 
errors regarding the character of the Amerind are pointed out and 
the fact emphasized that the whites surpassed them in cruelty. 
Popular contempt for the Amerind is largely due to ignorance. 

Of a fairly uniform physical type, the Amerinds are divided into 
many linguistic stocks, ‘‘as remarkable for their separation in a body 
from the Old World languages as in their separation from each other.” 
The development of so many languages and dialects must have 
required a long period of isolation ; not only do we find a language 
for each group, but oftentimes a language for the priestly class and 
another for the people. By their picture-writing and hieroglyphs 
the Amerinds illustrate several stages in the development of written 
language. Southwest of the Sierra Nevadas painted characters are 
found ; painted and scratched, from Colorado River to Georgia; 
elsewhere in America they are pecked or scratched. The order of 
development of written characters is, first, mnemonic; second, ideo- 
graphic; third, phonetic. The last stage was within the grasp of 
the Mayan stock ; they also had a well-developed numeral system. 

Among the industrial arts that pertain to savagery basketry is one 
of the earliest developed, and the Amerinds were conspicuously 
successful as basket-makers. For the manufacture of pottery a 

1 Dellenbaugh, F. S. Zhe North Americans of Yesterday. A Comparative 
Study of North-American Indian Life, Customs, and Products, on the Theory of 


the Ethnic Unity of the Race. New York, Putnams, 1901. 8vo, xxvi + 487 pp., 
over 350 illustrations. 
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somewhat more sedentary life is necessary, and we find the finest 
ware among the tribes having permanent settlements. That is, 
along the Atlantic coast fictile ware was crude and inartistic; in the 
Mississippi Valley and the Southwest it was of a superior quality. 
The art of weaving had been developed by many tribes before the 
Discovery, and a variety of costumes were worn. These are described 
in some detail, as well as the loom of the Navajos, who are now 
among the most successful aboriginal weavers. In carving, model- 
ing, and sculpture the Mayas had accomplished results of no mean 
order. The author also has a word of praise for the carving of the 
Haidas of the northwest coast. He concludes that all was below 
the early achievements of the Egyptians. A very good description 
is given of the Amerindian dwellings and architecture. The range is 
very wide, from the simple brush shelter of the Pai Utes to the mag- 
nificent stone structures of Yucatan. The detailed description of the 
shelters and other structures shows the influence of environment 
upon this art. 

All Amerinds were, in the stone age of culture, using also bone 
and wood for weapons. Copper was used but sparingly; bronze was 
known in Mexico, but not extensively used. Gold and silver were 
used for ornaments, especially in the South. The most important 
weapon was the bow and arrow;; this is described at length, also the 
apparatus used in kindling fire. Domestic animals were wanting, 
and transportation by means of them impossible. Boats, however, 
were extensively used, and these are described. Other chapters are 
devoted to “ Mining, Metallurgy, and Science” ; ‘“ Musical Instru- 
ments, Music, Amusements, and Games”; ‘“ Works and Agricul- 
ture”; ‘Customs and Ceremonies”; “Myths, Traditions, and 
Legends ” ; “ Organization and Government” ; “ Origin, Migrations, 
and History.” Mr. Dellenbaugh believes that the tribes of the 
Northwest migrated there from the South and Southeast and not 
from the Asiatic direction. The earliest inhabitants of the New 
World came when there was a greater continuity of land surfaces 
than exists to-day and before there had been sufficient development 
of culture to indicate their relationships. The key to the Amerindian 
culture is the distribution of the glaciers. The earliest tribes came 
when the northern climate was mild ; then, as the relations of land 
and water areas changed and the cold increased in the North, they 
were thrown more together and the groups that had begun to form 
reacted upon each other, tending again toward uniformity of type. 
The highest civilizations of the New World were developed at the 


I 


No. 414.] REVIEWS OF RECENT LITERATURE. 503 


time of the glacial period, which our author believes to have been 
comparatively recent, — developed as a result of crowding on account 
of the habitable area being reduced. If the date of the glacier can 
be reconciled with that of the rise of Amerindian culture, this 
hypothesis is well reasoned. 

The book is illustrated with several hundred plates from authentic 
and excellent photographs, chiefly from the collection of the Bureau 
of Ethnology. An appendix contains a complete list of linguistic 
stocks and a newlist of the tribes. The whole forms a very readable 
popular treatise upon a generally misunderstood race that is fast 
passing away. E.R. 


BOTANY. 


A Catalogue of North-American Plants. — Mr. A. A. Heller 
has published a second edition of his Catalogue of North-American 
Flants.' The catalogue is intended to be a complete list of the 
names of the Pteridophytes and Spermatophytes of the region 
included in the title, and which were published prior to October, 1900. 
The sequence of genera is that of Engler and Prantl’s Pfanzenfa- 
milien, the species being arranged alphabetically, and the most impor- 
tant synonyms given. A number of new combinations are published 
on pages 3 to 8, so we would not expect to find the first publication 
of names in the list, as was the case in Patterson’s Check-List ; but if 
some names have not been overlooked in the preparation of the cata- 
logue, they appear to have been here for the first time suppressed. 

It is hardly possible that such a work could be much more than a 
compilation, though the most recent authority seems to be followed, 
and no doubt some synonyms are included, and the contrary ; also 
a few Mexican plants appear in the list. 

The typography is very good and shows a decided advance over the 
first addition ; but, considering the statement in the preface regard- 
ing the presswork, one would not expect to find as many errors as 
there are. The arrangement of the page is very neat and serviceable. 
Every other page is left blank for additions and corrections. The 
whole get-up of the book makes it very fit for use, and it will be 
exceedingly valuable, if not indispensable, to systematic workers. 

The work is an indication of present taxonomic activity. The 
last species number in the 1898 catalogue was 14,534, and in the 


1 Heller, A. A. Catalogue of North-American Plants North of Mexico, Exclu- 
sive of the Lower Cryptogams. (2d ed.) 252 pp. 1900. 


. 


504 THE AMERICAN NATURALIST. [VoL. XXXV. 


present one it is 16,673, plus 91 additions in the appendix, making 
an addition of over 2000 names in two and one half years. 
J. B.S. N. 


Notes. — The sixteenth volume of Acta Horti Petropolitani con- 
sists of an enumeration of the plants of the Caucasus collected in 
1890 by Sommier and Levier. It forms a volume of 586 pages, 
illustrated by forty-nine lithographed plates. 

Dr. Greene has begun the issuance of a new publication, Plante 
Bakeriane, to be devoted to a series of lists of plants collected by 
Mr. Carl F. Baker and his colleagues, and distributed to various 
herbaria on both sides of the Atiantic. Mr. Baker is an enthusiastic, 
expert, and discriminating collector, who has made good specimens, 
and while all botanists may not go so far as Professor Greene is 
likely to in the division of species, those who possess the sets are 
likely to welcome the critical notes on them. 

Judging from the appearance of Nos. 6, 7, and 8 of Zoe as a single 
signature without cover, under the belated date of February 6, the West 
Coast naturalists are not giving to this journal the measure of support 
that may have been hoped for when it was recommenced last year. 

The second part of Vol. X of the Zransactions of the Connecticut 
Academy of Arts and Sciences, \ately distributed, contains a paper by 
Evans on the Hawaiian Hepatice of the tribe Jubuloidew, and a 
paper by Sturgis on some type specimens of Myxomycetes in the 
New York State Museum. 

Parts XIII-and XIV of the current volume of the Zransactions of 
the Linnean Society, issued in October last, consist respectively of 
supplementary notes on the genus Najas, by A. B. Rendle, and the 
comparative anatomy of certain species of Encephalartos, by W. C. 
Worsdell. 

Fascicles 1 and 2 of the second volume of cones Selecte Horti 
Thenensis have been distributed. 

Part IV of Dr. Rydberg’s “ Studies on the Rocky Mountain Flora” 
and Part V of Professor Piper’s “‘ New and Noteworthy Northwestern 
Plants,”’ in the Bulletin of the Torrey Club for January, add a large 
number of species supposed to be new to science. 

An important contribution to the pharmacognosy of Strophanthus 
seed, by Perrédés, is printed as No. 15 of the papers from the Well- 
come Chemical Research Laboratory of London, of which Professor 
Power, formerly of the University of Wisconsin, is director. 
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The histological characters of senega root, as it occurs in the drug 
market, are discussed by Professor Sayre in the Druggists’ Circular 
for February, and it is found that little structural difference exists 
between Polygala Senega and P. alba, from which it is derived. 


In Pittonia for January Dr. Greene presents descriptions of a con- 
siderable number of newly differentiated species of various groups, 
and some interesting incursions into the genus Bidens. 


Professor Sargent, in the Botanical Gazette for January and Fho- 
dora for February, adds to the large number of species of Cratzgus 
that are being described from this country. 


An address on the cotton plant, by Dr. W. H. Evans, has been 
printed by the Cotton Manufacturers’ Association. 

A monograph of Melilotus, by O. E. Schulz, with fruit and 
other illustrations, is contained in Heft 5 of Vol. XIX of the 
Botanische Jahrbiicher. 


A monograph of the genus Siparuna, by Dr. Janet.R. Perkins, as 
“ Beitrage zur Kenntnis der Monimiacez, III,” is separately dis- 
tributed from Heft 5 of Vol. XXVIII of the Botanische Jahrbiicher. 


The genus Sophia, as it occurs in New Mexico, is analyzed by 
Cockerell in the January number of the Bulletin of the Torrey Club. 


The first fascicle of Vol. XX of the Mémoires de la Société Lin- 
néenne de Normandie consists mainly of a study of the structure and 
development of the conducting system in stem and leaf of the 
Nyctaginez. 

From a review of Jaennicke’s papers on Platanus, in the Bofa- 
nisches Centralblatt of February 13, it appears that the favorite shade 
tree known as /. acerifolia is regarded as a probable hybrid between 
the Old World plane, P. orientalis, and the American P. occidentalis, 
and not as a variety of the former, as has been commonly supposed. 


Rather poorly printed reproductions of winter and summer photo- 
graphs of a superb white oak are given in American Gardening for 
January 26. 


An anatomical study of Zriocaulon decangulare, by Holm, appears 
in the Botanical Gazette for January.: 

The experiences, in Colombia, of a collector of Odontoglossum 
crispum are detailed by H. A. Sandback in Gartenwelt of January 19. 

The cultivation of Agave in German East Africa is discussed by 
Hindorf in Der Tropenpflanzer for January. 
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Professor Lamson-Scribner, with the assistance of Mr. Merrill, 
has made an examination of the grasses of Elliott’s Sketch of the 
Botany of South Carolina and Georgia, as represented in Elliott’s 
herbarium, now in the possession of the College of Charleston, and 
the results constitute Circular 29 of the Division of Agrostology of 
the United States Department of Agriculture. 


The life-history of Schizea pusilla, the smallest of our ferns which 
produces a protonema-like sexual generation, is discussed by Mrs. 
Britton and Miss Taylor in the Bulletin of the Torrey Botanical Club 
for January, which also contains the description of a new Adian- 
tum of the Capillus-Veneris section, from New Mexico, by Dr. 
Underwood. 


A number of fernwort papers, presented at a meeting of fern 
students held in New York, June 27, 1900, under the auspices of 
the Linnzan Fern Chapter, were issued in pamphlet form by W. N. 
Clute & Co., of Binghamton, on the 2oth of December. 


Among the Selaginellas of the rupestris group described as new 
by Hieronymus in the December issue of Hedwigia are several from 
the United States. 


An ecological study of the New Jersey strand flora, by Dr. Harsh- 
berger, is reprinted from the Proceedings of the Academy of Natural 
Sciences of Philadelphia for 1g00. 


A flora of Lyon County, Iowa, by Professor Shimek, is separately 
printed from Vol. X of the Annual Report of the Geological Survey of 
that state. 

‘The Distribution of the Forest Trees of Iowa” is the title of 
a paper by Professor Shimek, reprinted from Vol. VII of the Pro- 
ceedings of the Towa Academy of Sciences. 


An interesting forest study of anomalous growths of Abies pecti- 
nata, by Cavara, appears in the first fascicle of the current volume 
of Le Stazioni Sperimentali Agrarie Italiane. 


“The Morphology of the Central Cylinder in the Angiosperms ” 
is the subject of a paper by Dr. E. C. Jeffrey, reprinted from the 
Transactions of the Canadian Institute, illustrated by five calotype 
plates from photomicrographs. 


The fall of leaves in Dicotyledons is considered by Tison in 
current numbers of the Mémoires de la Société Linnéenne de Nor- 
mandie, and is illustrated by a large number of anatomical plates. 
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A condensed handbook of the diseases of cultivated plants in 
Ohio, by Professor Selby, constitutes Bulletin razr of the Agricul- 
tural Experiment Station of that state. 

A note on Curare, by Bach, is contained in Vol. IV of the Revista 
do Museu Paulista, recently issued. 


A portrait of Luther Burbank accompanies an otherwise _illus- 
trated article on his work in plant breeding, in Zhe Land of Sunshine 
for February. 


Drawing for process illustrations forms the subject of a practical 
illustrated article by Husnot, reprinted from Vol. III of the Bulletin 
de la Société Linnéenne de Normandie, which, while it may not be of 
much use to experts, ought to be studied by novices, — whose draw- 
ings are often the horror of editors who have to see them put into 
something printable. 

An ecological study of the vegetation of Rio Grande do Sul, 
Brazil, by Lindman, has recently been published in Stockholm, 
under the auspices of the Royal Scientific Academy of that city. 

The botanical appendix to Vol. XXV of the XK. Svenska Véeten- 
skaps-Akademiens Handlingar contains a number of papers dealing 
with South American botany. 

No. 2 of Mr. Beadle’s “Studies in Crategus”’ is reprinted 
from the Botanical Gazette for November, and consists entirely of 
descriptions of species supposed to be new to science. 

A new Helianthus from Florida, H. agrestis, is described by 
Pollard in the Proceedings of the Biological Society of Washington, 
under date of November 30. 


The Podoclulinz, a group of Indian orchids, are monographed by 
Schlechter in the Mémoires de ? Herbier Boissier of November 15. 


A very useful key to the genera of Basidiomycetes of Vermont, 
with references to scattered literature for the determination of spe- 
cies in the several genera, published in 1899 by Dr. E. A. Burt, of 
Middlebury, has been republished recently, in a somewhat extended 
form, by the Boston Mycological Club. 


Publication of a revised list of New Zealand seaweeds, by Laing, 
is begun in Vol. XXIII of the Zransactions of the New Zealand 
Institute. 


Seedlings, the study of which is now interesting a considerable 
number of persons, form the subject of a paper by Cockayne in the 
Transactions of the New Zealand Institute for 1899, recently issued. 
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Forestry receives another important contribution in the Aznual 
Report of the Geological Survey of New Jersey for 1899, recently. 
issued, which is supplemented by a series of large maps, and illus- 
trated by over thirty well-done plates, many of them illustrative of 
forestry matters abroad. 


A preliminary report on some diseases of New England conifers 
due to fungi, by Dr. von Schrenk of the Shaw School of Botany, 
is published as Bulletin 25 of the Division of Vegetable Physiology 
and Pathology of the United States Department of Agriculture, and, 
like Dr. von Schrenk’s earlier papers, is superbly illustrated from 
photographs. 


A second part of Greshoff’s memoir on plants used to stupefy fish 
has recently been published as No. 29 of the AMededeelingen uit 
’slands plantentuin (of the Buitenzorg Botanical Garden). An idea 
of its extent may be obtained from the statement that the alpha- 
betical index of the species noticed occupies thirty-nine double- 
column pages of large octavo size. 


Part V of Dr. Greshoff’s “ Nuttige Indische Planten,” completing 
the first volume, is issued as an Extra Bulletin by the Koloniaal 
Museum of Haarlem. It concludes with an alphabetical index to 
the fifty plates included in the volume. 


An enumeration of the caoutchouc and guttapercha plants col- 
lected by Van Romburgh in Sumatra, Borneo, Riouw, and Java, 
by the late Dr. Boerlage, constitutes No. 5 of the Bulletin de 1° In- 
stitut Botanique de Buitenzorg. 


Dr. E. M. Wilcox reprints some readable “Glimpses of Tropical 
Agriculture” from a recent number of the Columbus Horticultural 
Journal, 


Rheotropism forms the subject of an interesting paper by Berg in 
the Acta Universitatis Lundensis for 1899, recently received. 


Professor Corbett, in the twelfth Report of the West Virginia 
Experiment Station, describes an important auxanometer and gives 
an account of some of the uses to which he puts it. 


Zoe, in its new form, continues to be almost entirely botanical. 
Several interesting papers on West Coast botany occupy the double 
number for September—October. 

A biographic sketch of the late Judge David F. Day, with portrait, 
appears in the Botanical Gazette for November. 
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PALEOBOTANY. 


Elements of Paleobotany.— The somewhat remarkable develop- 
ments in the science of fossil plants which have taken place during 
the last decade receive renewed expression in the issue of an impor- 
tant work from the pen of R. Zeiller, already so well known to 
paleontologists for his extensive and admirable work on the fossil 
flora of France. In his Eléments de Paltobotanique M. Zeiller deals 
with fossil plants from the standpoint of the botanist conformably 
to modern views of botanical science. Though not so ambitious a 
work as Seward’s Fossil Plants, the present work follows on similar 
lines with respect to general treatment of the subject, but treats 
of somewhat different types, thereby supplementing the former in 
important respects. It discusses 


1. The mode of preservation of fossil plants. 

2. Classification and nomenclature. 

3. A systematic treatment of the various groups of plants, commencing 
with the Thallophytes. 

4. The succession of floras and their relation to climatic conditions. 

5. General considerations bearing upon the evolution of plant forms as 
indicated by the evidence of fossil plants. 


Probably the most striking feature of the book is the recognition 
which it gives to Pontonié’s Cycadofilices, a group of plants now 
definitely recognized as occupying an important and intermediate 
position between the ferns and the cycads — a fact which serves to 
bring into conspicuous relief the important nature of the recent 
developments of paleobotanical science. The work is valuable and 
suggestive, and will find a ready welcome on the part of botanists. 


Notes. — The material dealt with by David White (JVineteenth Ann. 
kept. U. S. Geol. Surv., Pt. IIT) in his report on the “ Fossil Plants 
from the McAlister Coal Field, Indian Territory,” furnishes essen- 
tially the first paleobotanical data respecting the Carboniferous of 
the regions southwest of Kansas, and it therefore affords the first 
instance relative to the vertical range and distribution of the North- 
ern Coal Measures within the southwestern portion of the western 
interior basin, supplying an important basis for the correlation of 


1 Zeiller, R. Eléments de Paléobotanique. Paris, Carré et Naud, igoo. 8vo, 
417 pp., illustrated. 


| 
| 
| 
| 
| 


510 THE AMERICAN NATURALIST. 


the plant-bearing series of that region with the Coal Measures in 
other parts of the United States. In all, sixty-nine forms or species 
are represented. The types of Mariopteris, Neuropteris, and Pecop- 
teris are especially abundant and prominent, while the relatively 
small percentages of species common to the two stages show that 
there are marked differences between the floral characters of the 
three stages represented in the McAlister coal field. 

Recent studies by David White (Bud/. Geol. Soc. Amer., Vol. II, 
p. 145) present an interesting discussion of the relative ages of the 
Kanawha and Allegheny series, and afford an excellent illustration 
of the value of correctly interpreted paleobotanical data in deter- 
mining the age of deposits. 

The latest contribution to our knowledge of that remarkable 
collection of Mesozoic cycads now to be found in the Yale Museum 
is from the pen of Professor L. F. Ward (Amer. Journ. Sci., Vol. X, 
p. 327), who details the history of the 731 specimens there brought 
together, and adds to his previous lists descriptions of seven new 


species embraced in hitherto unclassified material. 
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Arizona. Report Missouri Botanical Garden. Vol. xii, pp. 75, 76, Pls. XXXII, 
XXXIII.—TRELEASE, W. A Cristate Pellaea. Report Missouri Botanical 
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metto. Report Missouri Botanical Garden. Vol. xii, pp. 79, 80, Pls. XXXV- 
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